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Synthesis and Investigation of Certain Biological 
Activities of Some Thiophosphoric Acid Derivatives* 


By MITCHELL L. BORKE} and ERNST R. KIRCH 


Two series of N-substituted phosphoroamidothioates and two phosphorochlorido- 
thioates were synthesized. these, eleven phosphoroamidothioates have not been 
prepared previously. The compounds were investigated for their activity in vitro 
toward cholinesterase and for their ability to inhibit the growth of certain micro- 
organisms as well as the germination of some plant species. Only the two phos- 
phorochloridothioates showed anticholinesterase activity. None of the synthesized 
compounds inhibited the growth of the microorganisms selected for this investi- 
gation or retarded the growth of roots and shoots of oats or black mustard. The 
results of the experiments were correlated with the physical properties, the steric 
configuration and the electronic structure of the investigated compounds. 


p= RECENT YEARS certain organophos- Shortly after the outbreak of World War II, 


phorus compounds have come into use as 
insecticides and fungicides, while others are classi- 
fied as ‘‘nerve gases.” 

It was in the middle thirties that Schrader (1) 
began searching for new synthetic insecticides 
as substitutes for nicotine, rotenone, and pyreth- 
rin which had to be imported into Germany, 
and turned his attention to certain organophos- 
phorus compounds. 

During the screening tests for insecticidal prop- 
erties Gross (1) noticed the anticholinesterase 
activity and the pharmacological action on warm- 
blooded animals of a number of organophosphorus 
compounds. 

* Received November 12, 1957, from the Department of 
Chemistry, College of Pharmacy, University of Illinois 
Chicago 12 

Abstracted in part from a thesis submitted to the Graduate 
College of the University of Illinois by Mitchell L. Borke in 
partial fulfillment of the requirements for the Degree of Doc- 


tor of Philosophy 
¢t Present address: School of Pharmacy, Duquesne Uni- 


versity, Pittsburgh 19, Pa 


teams were organized in Great Britain and 
charged with the development of new chemical 
warfare agents. Several of these groups con- 
centrated on organophosphorus compounds con- 
taining fluorine (2). Because certain derivatives 
looked promising as war gases, improved meth- 
ods of their preparation adaptable to a large 
scale production were worked out (3). 

Since the end of the war numerous reports con- 
cerning the organophosphorus compounds have 
appeared in the literature. The investigations 
have been related mainly to the biological ac- 
tivity of some of these substances (4-6) and to 
the development of effective antidotes against 
those organophosphorus compounds which could 
be used as “‘nerve gases" (7-11). 

One of the phases of the research related to the 
biological activity of the phosphorus containing 
organic compounds has been the work connected 
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with the structure-activity relationship (SAR) 
in vitro as well as in vivo (12, 13). 

In this investigation two series of N-sub- 
stituted phosphoroamidothioates and two phos- 
phorochloridothioates presented in Table I 
were synthesized. In order to determine the 
structure-activity relationship of these two groups 
of organophosphorus compounds, they were 
tested for their activity toward acetylcholinester- 
ase (AChase), for their action on certain micro- 
organisms and for their influence on the germina- 
tion of certain plant species. 


EXPERIMENTAL 


The preparation of the N-substituted diphenyl] 
and di-( p-tolyl) -phosphoroamidothioates was 
achieved by a two-step synthesis similar to that re- 
ported by Autenrieth and Hildebrand (14) for the 
synthesis of diphenyl and di-(p-tolyl)-phosphoro- 
anilidothioates and which can be represented by the 
following equations: 


NaOH 
2 PSCI, + 3 ——> (C,H;0),P(S)Cl + 
t® < 50° 
(C.H,O) P( S)Cl,* + 3NaCl + 3H,0 (Eq. 1) 
NaOH 
(CsH;O).P(S)Cl + XS C.H,NH, 
steam 


bath 
NHCsH; + NaCl + (Eq. 2) 


Procedure.—Two moles (239 Gm.) of thiophos- 
phory! chloride were added in one portion to a well- 
cooled solution of 3 moles (282 Gm.) of phenol in an 
excess of 10° sodium hydroxide and the mixture 
stirred for four hours. Cooling was continued dur- 
ing this period so that the temperature did not rise 
above 50°. Since the reaction mixture should be 
alkaline at all times, additional sodium hydroxide 
solution was added when necessary. 

At the end of the four-hour period, the mixture 
was extracted with several portions of ether; and 
the combined ether extracts washed with 10% 
sodium hydroxide solution, then with water, and 
finally dried over anhydrous sodium sulfate. The 
solvent was distilled off and the residue subjected 
to vacuum distillation in order to remove any un- 
reacted thiophosphoryl chloride and phenyl phos- 
phorodichloridothioate. The distillation was stopped 
at 132°/11 mm. Hg. 

The diphenyl phosphorochloridothioate remain- 
ing in the distilling flask solidified upon cooling and 
stirring. It was recrystallized from hot ethanol. 
Melting point found 66—68° (uncorrected). 

Di-(p-tolyl) phosphorochloridothioate was pre- 
pared in a similar way and was recrystallized from 
hot ethanol. Melting point found 49-51° (un- 
corrected). 

The N-substituted diphenyl and di-(p-toly!) 
phosphoroamidothioates were prepared by adding a 
calculated amount of the phosphorochloridothioate 
to an excess of the particular amine in a 10% sodium 
hydroxide solution. The ratio of the phosphoro- 
chloridothioate to the amine was 1:4. All amines 
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(Eastman Kodak Co.) were purified by distillation 
prior to their use. The mixture was heated on a 
steam bath for several hours while stirred me- 
chanically. During this time samples of the mix- 
ture were withdrawn from the reaction vessel and 
tested with 0.1 N silver nitrate solution for the pres- 
ence of chloride ion. When large amounts of it 
could be detected in the mixture as indicated by 
a heavy precipitate of silver chloride, the reaction 
was stopped by cooling to room temperature. The 
organic components were extracted with several 
portions of ether and the combined ether extracts 
washed with several portions of dilute hydrochloric 
acid, then with water, and finally dried over an- 
hydrous sodium sulfate 

The solvent was removed by distillation using a 
steam bath, the residue cooled in an ice bath to 
promote crystallization, and the crude phosphoro- 
amidothioates recrystallized from hot ethanol 
In several cases it was found advisable to recrystal- 
lize the compound from isoamy!] alcohol. All of the 
phosphoroamidothioates were white crystalline 
solids, extremely insoluble in water but soluble in 
common organic solvents. 

The compounds were analyzed gravimetrically 
for sulfur and phosphorus (15, 16). Their nitrogen 
content was determined by a semimicro Kjeldahl 
method (17). 

Investigation of Biological Activity.—All of the 
fifteen compounds were tested im vitro for their 
activity toward acetylcholinesterase (AChase) by 
the use of the Hestrin colorimetric method (18). 

Materials and Equipment.—Phosphate buffer, 
0.134 M, pH 7.2, was prepared by mixing 7 parts by 
volume of a solution of 23.8 Gm. of disodium 
hydrogen phosphate dodecahydrate (Mallinckrodt 
Chem. Works) per liter and 3 parts of a solution of 
18.2 Gm. of potassium dihydrogen phosphate 
(Merck & Co., Inc., Reagent) per liter, pH being 
adjusted to 7.2 if necessary 

Acetylcholine, 0.04 M, 0.9045 Gm. of acetylcholine 
bromide (Eastman Kodak No. 2117) in 100 ml. 
of 0.001 M acetate buffer, pH 4.5. 

Acetylcholinesterase (Winthrop Laboratories), 20,- 
000 units 

Hydroxylamine hydrochloride, 2 M, 69.5 Gm. 
(Eastman Kodak No. 340) dissolved in distilled 
water to 500 ml. 

The above solutions as well as the acetylcholin- 
esterase preparation were stored in the refrigerator. 

Sodium hydroxide, 3.5 M, 70 Gm. of sodium hy- 
droxide pellets (Mallinckrodt Chem. Works, U.S. P. 
Grade) dissolved in distilled water to 500 ml. 


TABLE Il 


Controls 
Color 
Inter 

ferencee 


Screntiric Epirion 


Setup ror 


Activity DETERMINATIONS 


463 


Alkaline hydroxylamine, equal volumes of 2 M 
hydroxylamine hydrochloride and 3.5 M sodium 
hydroxide solutions mixed shortly before use. 
The solution was made up freshly for each set of 
samples run. 

Hydrochloric acid, concentrated acid (sp.gr. 1.18) 
diluted with 2 volumes of distilled water. 

Ferric chloride, 0.37 M, 50 Gm. of ferric chloride 
hexahydrate (Baker & Adamson, Reagent) dis- 
solved in 0.1 M hydrochloric acid to 500 ml. 

Potassium chloride, 0.3 M, 22.4 Gm. of potassium 
chloride (Baker & Adamson, Reagent) dissolved in 
1 liter of distilled water 

Trichloroacetic acid, 50°, prepared by dissolving 
50 Gm. of trichloroacetic acid (Merck & Co., Inc., 
U.S. P. Grade) in 100 ml. of distilled water. 

In the experiments designed to investigate the in 
vitro AChase inhibitory activity of the synthesized 
compounds, the substrate was prepared by diluting 
one part of the 0.04 M acetylcholine bromide stock 
solution with eight parts of the phosphate buffer 
(pH 7.2). One ml. of this solution provided 4.44 
micromoles of acetylcholine bromide, and this con- 
centration of the substrate was within the range in 
which the Hestrin method gives reproducible re- 
sults. 

It was found experimentally that 0.444 micro- 
moles of acetylcholine bromide per ml. of the final 
solution provided a suitable concentration of the 
substrate so that both in the absence of the enzyme 
and in its presence the color developed obeyed the 
Beer-Lambert Law. 

Stable AChase preparations were made by the 
adsorption of 0.05-ml. aliquots of a 1° enzyme 
solution in a stabilizing medium on Whatman No. 1 
filter paper disks and storing in a refrigerator over 
anhydrous CaClh. This procedure described by 
Fleisher, et al. (19), supplied a concentration of 
the enzyme suitable for the determinations carried 
out in this investigation, when one paper disk was 
eluted with 17 ml. of 0.3 M potassium chloride 
solution in a refrigerator for seventy-five minutes, 
and when 2 ml. of this eluate per 1 ml. of the 0.00444 
M acetylcholine bromide solution were used in the 
assay. 

These amounts also provided the optimum ratio 
of the substrate to enzyme so that the velocity of the 
AChase catalyzed bydrolysis of acetylcholine was at 
its maximum as seen in Fig. 1 

All determinations designed to investigate the in 
vitro AChase activity of the synthesized compounds 
were run in duplicates according to the setup pre- 
sented in Table II. 


~ Conen. in mecg./ml 


Enzyme 
Activity 250 50 2: 10 


0.0 
0.2 
2.0 
0.0 


0.0 0.0 
0.2 
2.0 


0.0 


0.2 ml. 
0.0 
2.0 
0.0 


0.0 ml. 
0.2 
0.0 
2.0 


1 Ethanol (vehicle) 

2 Compound in ethanol 

3 Enzyme eluate 

40.3 M KCl 

5 0.00444 M acetyl- 

choline bromide 1.0 1.0 1.0 

@ This control was introduced to provide a check of the enzyme activity in the test tubes containing the compounds in 250 

meg./ml. concentration because some of them caused turbidity in the presence of the other reagents. 


1.01.0 


= 
Enzyme 1 
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HY DROLYZED/30 MIN 


a MOLES ACETYLCHOLINE 


MOLES ACETYLCHOLINE 
1.—Determination of optimum substrate- 
enzyme concentrations. 


Substances 1 through 4 in Table II were placed 
in the test tubes in the indicated order and incu- 
bated in a thermostatically controlled water bath 
at 37° for thirty minutes. Then 1 ml. of the sub- 
strate (reagent 5) was added to each test tube and 
the incubation continued for another thirty minutes. 
At the end of the incubation period, two drops of 
50°, trichloroacetic acid were added to each test 
tube to inactivate the enzyme. The tubes were 
removed from the water bath, the color developed 
using successively 2 ml. of alkaline hydroxylamine, 
1 ml. of hydrochloric acid (1:2), and 1 ml. of 0.37 M 
ferric chloride solution. The tubes were shaken 
thoroughly after the addition of each reagent to 
prevent the formation of gas bubbles. Distilled 
water was added to each test tube to bring the vol- 
ume to 10 ml., and the color read in a suitable in- 
strument! at 540 my after thirty minutes. 

Of the fifteen compounds tested in vitro for their 
activity toward AChase only diphenyl phosphoro- 
chloridothioate and di-(p-tolyl) phosphorochlorido- 
thioate inhibited the enzyme, and their I? were 2.30 
< 10~* M and 2.60 X 10~* Mrespectively. None of 
the N-substituted phosphoroamidothioates showed 
any inhibition of AChase under the conditions of 
the experiments. 

In order to determine the type of AChase in- 
hibition demonstrated by the two phosphorochlo- 
ridothioates, it was decided to use the method re- 
ported by Ackermann and Potter (20). In this 
procedure, variable amounts of the enzyme plus or 
minus the inhibitor are plotted against the rate of 
hydrolysis of the substrate. A straight line re- 
sults for any given concentration of the inhibitor 
and when no inhibitor is present. In the latter case 
the line crosses the origin. When an enzyme is 
inhibited reversibly, the line also crosses the origin 
but its slope is smaller than that of the control. 
If, however, the inhibition is irreversible or pseudo- 
irreversible, the slope of the line is the same or 
nearly the same as that of the control but it passes 
the abscissa to the right of the origin and at a dis- 
tance which is proportional to the amount of the 
inhibitor. 


' Coleman Universal Spectrophotometer, Model 11, was 
used in this investigation. 

? Ise is the molar concentration of an inhibitor required to 
inhibit 50% of the enzyme. 
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The examination of Figs. 2 and 3 representing the 
plots of the rate of hydrolysis of the substrate against 
varied amounts of the enzyme eluate for 50, 100, 
and 250 meg./ml. of diphenyl and di-(p-tolyl) 
phosphorochloridothioate indicates that both com- 
pounds inhibit AChase irreversibly or pseudoirre- 
versibly. 

The biological activity of the described N-sub- 
stituted phosphoroamidothioates as well as that of 
the two phosphorochloridothioates toward living 
organisms was investigated by testing their action 
on the multiplication of certain bacteria and fungi, 
and their influence on the germination of the seeds 
of some plants. 


#« MOLES ACETYLCHOLINE 
HY DROLYZED/30 MIN 


1.0 2.0 
ML. ELUATE (ENZYME) 

Fig. 2.—Analysis of AChase inhibition by di- 
phenyl phosphorochloridothioate according to the 
procedure of Ackermann and Potter (20). A—con- 
trols; B—inhibitor present at 5 mcg./ml. final con- 
centration; C—inhibitor present at 10 mcg./ml. final 
concentration; D—<inhibitor present at 25 mcg./ml. 
final concentration. 


MOLES ACETYLCHO. 
LINE HYDROLYZED/ 


05 1.0 15 2.0 
ML. ELUATE (ENZYME) 

Fig. 3.—Analysis of AChase inhibition by di-(p- 
tolyl) phosphorochloridothioate according to the 

ure of Ackermann and Potter (20). A—con- 
trols; B—inhibitor present at 5 mcg./ml. final con- 
centration; C—inhibitor present at 10 mecg./ml. 
final concentration; D—inhibitor present at 25 
meg./ml. final concentration. 


A report was published about the inhibition of 
growth of Aspergillus niger and Asperigillus flavus 


by certain organophosphorus compounds (21). 
Thus the synthesized thiophesphates were investi- 
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gated for their activity toward microorganisms. 
Micrococcus pyogenes var. aureus, Escherichia coli 
and Candida albicans were used as representatives 
of the Gram-positive and Gram-negative bacteria 
and the fungi respectively. The agar cup method 
and the paper disk technique were chosen for this 
investigation, and three concentrations of the com- 
pounds (1:10, 1:100, and 1: 1000) were used in the 
experiments 

For the agar cup method the compounds were dis- 
solved in extra heavy mineral oil (Nujol, Plough, 
Inc.) with the aid of slight heat. Due to the poor 
solubility of the compounds, all of the 1:10 solutions 
yielded uniform heavy suspensions upon cooling to 
the incubation temperature (37°) and were used as 
such to fill the agar cups. A control was provided 
by filling one of the agar cups with Nujol 

In the paper disk method the compounds were 
dissolved in chloroform (Mallinckrodt Chemical 
Works, Analytical Reagent) to yield 1:10, 1:100, 
and 1:1000 solutions (w/v). The disks, 11 mm. in 
diameter and prepared from E. & D. No. 615 filter 
paper, were immersed in the corresponding solutions 
for a few seconds and the solvent permitted to 
evaporate in the air. The disks were placed upon 
agar seeded with the appropriate microorganisms 
and incubated at 37°. <A control was provided by a 
lisk immersed in the solvent and treated as above. 

In both methods nutrient agar was used for Micro- 
occus pyogenes and Escherichia coli and Sabaroud’s 
war for Candida albicans. The plates were read 
it twenty-four hours and forty-eight hours. No in- 
hibition of growth by either the N-substituted 
phosphoroamidothioates or by the two phosphoro- 
chloridothioates which inhibited AChase, was ob- 
served. 

The effect of dialkyl anilidophosphates on the 
germination of the oat (Avena sativa, L.) and black 
mustard seeds (Brassica nigra, L.) as representing 
the mono- and dicotyledonous plant species was 
studied by Ramaswami, ef al. (22). These authors 
found some inhibition of the germination of oats 
but no effect on the germination of black mustard 
seeds. Because of the structural similarity between 
the compounds tested by Ramaswami and those 
described in this work, it was decided to investigate 
the influence of the two AChase inhibitors and two 
N-substituted phosphoroamidothioates (non-inhibi- 
tors) chosen at random on the germination of oat 
and black mustard seeds 

The following procedure, a slight modification of 
that described by Ramaswami, ef al., was used in 
the germination experiments. A 0.5-ml. aliquot of 
the ethanolic solution of the compound correspond- 
ing to 125 meg. of it was deposited in the center 
of a filter paper disk 12.5 cm. in diameter (What- 
man No.1). The solvent was permitted to evapo- 
rate in the air and the filter paper placed on a 5-inch 
watch glass containing 25 ml. of distilled water. 
The edge of the paper came flush with the rim of 
the watch glass. The paper was pressed down 
gently with a piece of glass rod to touch the water in 
the watch glass, and the moist area allowed to spread 
evenly throughout the paper. Thus the concentra- 
tions of the compounds tested ranged from 1.25 to 
1.76 moles in one million milliliters depending upon 
the molecular weight of the particular compound. 

Ten seeds selected on the basis of their physical 
appearance were placed around and within 0.5 cm. 
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from the rim of the watch glass. This setup affords 
a convenient means of providing a moist paper sur- 
face upon which the seeds can be placed without let 
ting them be immersed in the solution. A control 
was provided using 0.5 ml. of ethanol and treating it 
in the above described manner. The observations 
lasted four days and no effect on the germination of 
either the oat or the black mustard seeds was noticed 


DISCUSSION 


Of the fifteen compounds tested for cholinesterase 
inhibition in vitro, only diphenyl phosphorochlori- 
dothioate and di-(p-tolyl) phosphorochloridothioate 
were shown to be active against this enzyme 

The general method for comparing inhibitors con- 
sists of the determination of the molar concentra- 
tion of the compounds required to inhibit 50°; of the 
enzyme (Ig). The Io value was calculated to be 
2.30 X 10-* M for diphenyl phosphorochlorido- 
thioate and 2.60 X 10~* M for di(p-tolyl) phos- 
phorochloridothioate 

The results of the experiments performed to de- 
termine the in vitro biological activity of the com- 
pounds used in -this investigation toward AChase 
can be explained on the basis of the electronic 
theory. It is generally accepted that during a 
reaction between an alkyl phosphate and cholin- 
esterase the enzyme becomes phosphorylated (12, 
23). There is also evidence that the phosphate is 
split in this reaction (12, 24) 

The phosphorylation of the enzyme can be ration- 
alized to proceed in a stepwise manner as represented 
in Fig. 4. 

It is evident that the success of the first step in the 
phosphory:ation reaction depends upon the electro- 
philic character of the phosphorus atom. In di- 


phenyl phosphorochloridothioate and di-(p-tolyl) 
phosphorochloridothioate it is influenced primarily 
by the chlorine atom, which polarizes the P—Cl 
bond by the inductive effect (P———Cl) 


Step 1; 


Hes 


esteratic 
site 


Fig. 4.—Electronic mechanism for the phos- 
phorylation of AChase by an alkyl phosphate type 
inhibitor. Y—strongly electronegative group or 
atom. 


Since the determined I,o values for the two phos- 
phorochloridothioates are very close to each other, 
it can be concluded that the presence of a methyl 
group in di(p-tolyl) phosphorochloridothioate does 
not influence the electrophilic character of the phos- 
phorus atom to any significant degree. Further- 
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more, the chlorine atom in the P—Cl bond exerts a 
greater inductive effect than either the phenoxy or 
the 4-methylphenoxy groups (25), and thus this 
bond is easily broken and the chlorine expelled as the 
chloride ion 

The absence of any anticholinesterase activity 
observed in the thirteen N-substituted phosphoro- 
amidothioates synthesized in this investigation 
suggests the inability of these compounds to phos- 
phorylate the enzyme. An examination of the 
electronic configuration of a phosphoroamidothioate 
molecule reveals that the phosphorus atom does not 
possess an electrophilic character due to the prox- 
imity of a nitrogen atom with two free electrons 
(Fig. 5). Therefore, the first step in the phosphoryl- 
ation reaction (Fig. 4) cannot take place and the 
inhibition of the enzyme does not occur 

In the experiments designed to determine the 
activity of the compounds toward microorganisms 
no inhibition of growth was observed. The nega- 
tive results of this part of the investigation could be 
explained on the basis of either the extreme insolu- 
bility of these compounds in water or the unfor- 
tunate choice of the test organisms 


*s s 
H 
Fig. 5.—Resonance forms of an N-substituted phos- 
phoroamidothioate 


The work of Hood and Lange (21) demonstrated 
that the sodium salts of the “half esters” of mono- 
fluorophosphoric acid inhibited the growth of Asper- 
gillus niger and Aspergillus flavus but were inactive 
toward bacteria and yeasts. It is possible, therefore, 
that Micrococcus pyogenes var. aureus, Escherichia 
coli and Candida albicans which were used in this 
work to investigate the biological activity of the 
prepared compounds do not possess enzyme sys- 
tems affected by diphenyl! phosphorochloridothioate, 
di-(p-tolyl) phosphorochloridothioate or by either 
one of the N-substituted phosphoroamidothioates. 

In the germination experiments it was found 
advisable to deposit a given volume of the ethanolic 
solution of the compound in the center of a filter 
paper disk, permit the solvent to evaporate, and 
then use the setup described by Ramaswami, et al. 
(22), but substitute distilled water for the dilute 
aqueous solution of the compound. This modifica- 
tion was adopted after several preliminary experi- 
ments demonstrated that even a 0.5% concentra- 
tion of the solvent (ethanol) in distilled water par- 
tially retarded the germination of both the mono- 
and the dicotyledonous plants under the experi- 
mental conditions reported by Ramaswami. 

The germination of the mono- and the dicotyle- 
donous plants used in this investigation was not 
affected by either the two phosphorochloridothio- 
ates or by the two phosphoromethylanilidothioates 
which were chosen at random out of the thirteen N- 
substituted phosphoroamidothioates prepared. 

In view of the fact that the dialkyl anilidophos- 
phates investigated by Ramaswami, ef al., retarded 
to varied degrees the growth of the roots and the 
shoots of a monocotyledonous plant, the negative 


results obtained with diphenyl phosphoro-(m- 
toluido)-thioate and diphenyl phosphoro-(p-toluido)- 
thioate can be attributed either to the stereo- 
chemical differences between the above compounds 
as compared to those investigated by Ramaswami 
or to the extreme insolubility of the two phosphoro- 
methylanilidothioates in water and thus the inabil- 
ity to provide a high enough concentration of the 
inhibitor. 

Since neither the two cholinesterase inhibitors; 
i.e. diphenyl and di(p-tolyl) phosphorochlorido- 
thioates had any effect on the germination of the 
mono- or the dicotyledonous plant used in these 
experiments, it would be safe to assume that the 
insolubility in water rather than the total absence of 
a suitable enzyme system was also responsible for 
the inability of these compounds to influence the 
germination process. Although hemicellulase and 
diastase are, probably, the first enzymes which 
develop during the initial phase of the germination 
process, a number of other enzymes must be re- 
sponsible for the development of the shoots and 
roots (26) 

It is highly improbable that these two phosphoro- 
chloridothioates are specific cholinesterase inhibitors 
while a number of closely related organophosphorus 
compounds is active toward several other enzymes 
(6), some of which are known to be present in plant 
cells (26). 

It is concluded that the extreme insolubility in 
water of the phosphoromethylanilidothioates and the 
phosphorochloridothioates is resvonsible for the 
failure of these compounds to retard the growth of 
the roots and shoots of the two particular plant spe- 
cies. Nevertheless, the stereochemical difference be- 
tween the former compounds and those tested by 
Ramaswami, et al., should not be underestimated if 
one keeps in mind the extreme stereospecificity of 
chemical reactions in biological systems. 
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Blood bromide concentrations in rabbits and dogs were found to be elevated follow- 


Bromide Excretion as Affected by 
Chloride Administration* 


By ANN LANGLEY CZERWINSKI 


ing discontinuance of bromide, not only in animals receiving chloride, but also in 
controls. Elevation of the blood bromide level in controls was significantly greater 
than the elevation observed in those receiving chloride. Fluctuations in bromide 
levels during excretion are taken as evidence that bromide toxicity is related 
to total bromide extracellular retention rather than simply to blood chloride 


Speen 1922 bromide intoxication therapy has 
generally consisted in withholding bromides, 
forcing fluids, and administering large amounts 
of sodium chloride(1). In 1930 Wagner and 
Bunbury (2) reported that as a consequence of 
chloride administration the blood bromide 
“usually rises slightly and there is an exacerba- 
tion of the toxic symptoms which may prove 
fatal.’ They felt that in the presence of de- 
bility, dehydration, or a weakened condition, 
chlorides should be withheld until the bromide 


replacement. 


by adding enough sodium bromide to the drinking 
water so that the rabbits received approximately 
1 Gm. daily. In dogs 0.3 Gm. of sodium bromide per 
Kg. of body weight will produce chronic bromism in 
two weeks. 

Chloride Administration.—When definite bro- 
mism had been obtained, whether acute or chronic, 
approximately half of the animals were placed on 
sodium chloride, the other half being reserved as 
controls. Whenever possible, upon recovery, the 
animal was again treated with bromides and the 
procedure reversed; that is, an animal previously 
treated with chloride was allowed to recover with- 


: level had fallen below a dangerous level. Similar °"* chloride. For purposes of comparison, four 
ent : eee 4 in the literat rabbits used for acute bromism and treated with 
atements itera ure on chloride were subsequently subjected to chronic 
bromide intoxication (3-7). However, Wuth, bromism. Rabbits received 1 Gm. of sodium chlo- 
Diethelm, and others find no such exacerbation ride per Kg. of body weight in a 10% solution daily 
of symptoms upon chloride administration(8-13). received an equal 
. : amount of disti water by st ‘ 
The present work was undertaken to determine ; : ; y stomach tube. Dogs 
received the same dosage administered in capsules. 
whether the blood bromide level falls rapidly Analytical Methods.—Blood chloride or total 
upon chloride administration, as reported by halides were determined by the modified Volhard- 
Wuth (8) and Diethelm (9), or rather if it is at Harvey titration on a protein-free filtrate (14). 
least temporarily elevated, as claimed by Wagner Btosd Svante was determined by the Greeuberg 
P 1 Bunt , (2) ; method, in which the bromide of deproteinized 
and Bunbury (2). whole blood is oxidized to bromate and determined 
EXPERIMENTAL PROCEDURES by iodometric titration (15). Urinary chloride 
and bromide were determined by using these same 
Test Animals. Twelve white rabbits and seven tests on a diluted portion of urine taken from a well- 
dogs were used. The animals were fed the usual mixed twenty-four-hour sample. Since urine and 
stock diet and allowed free access to water. Blood blood samples were collected each morning, the 
4 chk ride concentrations and chloride excretion were urine represents the excretion for the total day pre- 
7 determined daily until a norm had been established _ ceding the specific blood level set down for that day. 
‘ for each animal. 
, Production of Bromism.—One gram of sodium RESULTS 
a bromide per Kg. of body weight administered in a : 
10% solution by stomach tube on three successive Effect of Chloride on Blood Bromide Level.— 
} days will produce a good degree of acute bromism The effects of administering sodium chloride to rab- 
- without endangering the life of the experimental its in a state of bromide intoxication are shown 
: animal. Chronic bromism in rabbits was obtained i Table I, to dogs in Table Il. The last column 
gives the increase or decrease in the blood bromide 
eceivec tober 20, 1957, from partment of Biologi 
‘ cal Sciences, Creighton University School of Pharmacy, level which occurred between the first and second 
Omaha 2, Nebr . . ; days following the last dose of bromide. 
The author wishes to acknowledge her indebtedness to 
Be Dr. Harold C. Struck, former Assistant Professor of Physi Sev enty -five per cent of the animals on chlorides 
ology and Pharmacology - = School | Medicine; Dr show a rise in blood bromide level between the first 
William A. Jarrett, Dean of the College of Pharmacy (de s . av » lac . . 
aadDr Charles Wilhelmj. Director of Research, 204 second day after the last dose of bromide. Of 
Creighton University. ai ESR the animals reserved as controls, 70% show a rise 
The assistance of the following personnel of the Creighton 
“ University Animal Hospital is hereby acknowledged: E. | = blood bromide. Approximately 85% of the rab- 
¥ Freeland, G. B. Green, and Redrick Raglin. bits show an increase in the blood bromide level ir- 
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Blood Levels Blood Levels Blood Levels Increase? 

on Last Day on Ist Day on 2nd Day or 

of Bromide after Bromide* after Bromide* Decrease 
Rabbit cl Br cl Br cl Br 


A 4.28 0.90 4.15 2.55 3.34 4.00 1.45 
B 9.40 3.02 5.40 1.15 5.29 1.71 0.56 
E 5.42 0.50 5.06 3.56 4.29 4.46 0.90 
F 8.43 0.19 8.04 1.09 4.62 4.42 3.33 
H 9.79 0.73 4.44 4.02 3.68 4.22 0.20 

9.78 0.62 6.54 1.62 6.16 2.46 0.84 
I 8.29 0.31 3.38 4.35 4.52 2.32 —2.03 
F 4.0: 7.57 0.11 6.61 1.20 1.09 


A 5.00 2.25 6.60 1.98 11.46 3.85 1.87 
E 7.58 1.32 10.73 1.09 $8.28 1.40 0.31 
I 7.36 0.66 7.31 0.98 0.84 —(0.14 
B, 5.86 1.20 6.14 0.59 5.60 0.89 0.30 


2 54 2.78 3.79 2.98 0.20 
H, 5.38 2.50 3.91 3.18 0.68 


* Figures express meq. per 100 ml of blood 
» Average increase in blood bromide level of rabbits not on chloride, 1.18; average 


on chloride, 0.60 
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Tas_e I.—B Levets in Rapsrrs DurING First Two Days oF WITHDRAWAL PERIOD 


Acute Bromism Not on Chloride 


Acute Bromism on Chloride 


Chronic Bromism Not on Chloride 


2 
1 
3.55 
4 
2 


increase in blood bromide level of rabbits 
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Tas_e Levets Docs DurinGc First Two Days or WITHDRAWAL PERIOD 
Blood Levels Blood Levels Blood Levels 
on Last Day on Ist Day on 2nd Day Increase > 
of Bromide® after Bromide*® after Bromide*® or 
Dog | Br cl Br cl Br Decrease 
Acute Bromism Not on Chloride 
120 5.95 0.27 4.04 1.20 7.00 0.64 —0.56 
3.61 0.70 4.54 2.42 2.19 1.29 —1L.1 
121 4.10 2.12 6.34 0.81 4.538 2.60 1.79 
5.12 0.72 4.05 2.44 3.20 2.82 0: 
on 71 89 Re 


121 6.11 0.20 4.71 2.62 6.46 0.83 —1.79 
122 5.23 1.39 4.65 1.43 4.26 2.22 0.79 
3.33 0.51 3.85 2.28 3.08 1.94 —0.34 
Chronic Bromism Not on Chloride 
115 3.75 1.63 2.97 2.74 1.11 
5 3.05 3.90 2 2.52 < 


117 3.39 1.81 4.04 1.88 0.07 
118 0.21 


chloride, 0.36 


respective of chloride administration In the The average increase in the blood bromide levels 


* Figures express meq. per 100 ml. of blood 
» Average increase in blood bromide level of dogs not on chloride, 1.09; average increase in blood bromide level of dogs on 


Chloride 


Acute Bromism on 


Bromism on Chloride 


Chronic 


5.58 1.89 4.17 2.10 


dogs, 60% of those on chloride showed an eleva- 
tion of the blood bromide, while 43% of the con- 
trols manifested a higher blood bromide. 


of the individual groups of animals is also significant. 
For those rabbits on chloride, the average increase 
was 0.60 meq./100 ml. of blood; while for the con- 
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Cc +.16 1.96 3.28 1.32 
D 5.52 4.17 5.25 1.08 
E 4.87 2.26 3.26 1.00 
Be 1.57 3.88 1.36 —2.52 
Ge 3.71 2.90 4.88 2.14 3.32 1.18 
i Chronic Bromism on Chloride 
5 2 18 > 2 0 
OO 
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trols, the average increase was 1.18 meq./100 ml.— 
an increase practically twice that of the rabbits on 
chloride. The dogs on chloride showed an increase 
in the blood bromide level of 0.26 meg./100 ml. of 
blood, while the controls showed an increase of 1.09 
meq./100 ml —a difference three times that of the 
animals on salt. 

Only 1 rabbit (B,) showed an elevated blood bro- 
mide on chloride but not when used as a control. 
Thus, with rabbits, in only one case out of twelve, 
could the chloride have been said to have caused an 
elevation of the bromide level. Inspection of 
Table II shows that in dog No. 121 the blood bro- 
mide level was elevated twice during control periods, 
but was definitely lowered when given sodium chlo- 
ride. In the case of No. 122, there is only incon- 
clusive evidence, as the blood bromide both rose 
and fell when chloride was administered. 

Effects of Chloride on Amount of Bromide Ex- 
creted.—In rabbits chloride administration tends 
materially to aid bromide excretion (Table III) 
In acute bromism the rabbits on chloride excreted 
an average of 1.55 meq. of bromide daily as against 
0.42 meq. by the controls. In chronic bromism, 
those given chloride excreted on the average 1.53 
meq. of bromide daily, while controls excreted 0.99 
meq. of bromide 

The same ratio prevails with dogs if the intoxica- 
tion is acute, but not if the bromism is chronic 
(Table IV). 


Taste III.—Bromipe ExXcRETION IN RABBITS 


Rabbit Time in Days meq. of Bromide Excreted 
Acute Bromism not on Chloride 

0 

3.52 


Average Excretion in 24 hours 0.42 


Acute Bromism on Chloride 
2 3 
3 4 
3 7 
6 5.56 
Average Excretion in 24 Hours 1.55 
Chronic Bromism not on Chloride 
10 8.12 
9.26 
10 10.32 
Average Excretion in 24 Hours 0.99 
Chronic Bromism on Chloride 
8 5.21 
9 13.04 
8 19.92 
Average Excretion in 24 Hours 1.53 


Effect of Chloride on Final Blood Bromide Level. 
—The final blood bromide level in animals receiving 
chloride was lower than that in controls. In rabbits 
with acute bromism on sodium chloride, the average 


1V.—BromipE EXcReETION IN Docs 


Dog Time in Days meq. of Bromide Excreted 
Acute Bromism Not on Chloride 
122 2 3.84 
121 5 1.16 
120 7 10.32 
Average Excretion in 24 Hours 1.09 
Acute Bromism on Chloride 
12 20.41 
2 32.74 
Average Excretion in 24 Hours 3.80 
Chronic Bromism Not on Chloride 
10 
10 
Average Excretion in 24 Hours 0.87 
Chronic Bromism on Chloride 
10 8.85 
10 9.03 
Average Excretion in 24 Hours 0.89 


final blood bromide was 0.28 meq./100 ml. of blood, 
while the average final level in controls was 0.45 
meq./100 ml. The average final level in chloride- 
treated rabbits with chronic intoxication was 0.05 
meq./100 ml. while controls showed 0.16 meq./100 
ml. of blood. Similar results were seen in the dogs. 

Effect of Potassium Nitrate.—-One dog was placed 
on potassium nitrate in an attempt to distinguish 
between the salt action and the bromide-replace- 
ment action of sodium chloride. Although definite 
conclusions in this case were impossible, it seemed 
that the potassium nitrate increased the urine vol- 
ume without increasing the bromide excretion. 

Course of Bromide Intoxication in Rabbits and 
Dogs—In general, as the blood bromide rises, blood 
chloride tends to fall. But the course of bromide 
excretion is not an orderly, gradual decline in the 
blood bromide. Thus the rise in blood bromide 
following discontinuance of bromide is followed by 
several smaller fluctuations in the blood bromide 
as excretion occurs. Of interest also is the occurrence 
of low blood bromide levels even during periods 
when bromide dosage was high, for fluctuations 
during the production of bromide intoxication are 
also observed. 


DISCUSSION 


In the present work blood bromide concentra- 
tions were found to be elevated following discon- 
tinuance of bromide not only in those animals re- 
ceiving chloride, but also in the controls. A tem- 
porary elevation of blood bromide would seem to 
be, then, part of the physiological mechanism con- 
cerned with bromide excretion, rather than de- 
pendent on chloride administration. 

During the development of bromide intoxication, 
the blood absorbs bromide from the gastrointestinal 
tract and transfers it to the tissue fluids, where it 
replaces chloride. In the meantime, the kidneys 
excrete large amounts of chloride, with accompany- 
ing small amounts of bromide, in order to maintain 
osmotic equilibrium of blood and tissue fluids, 
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Thus a gradient is established between the blood 
and tissue fluid which favors deposition of bromide 
in the tissues. When the system finally reaches 
equilibrium, as it will with any given dose, the kid- 
neys will excrete approximately the amount of bro- 
mide ingested. However, minor fluctuations even 
during this period will occur, depending principally 
upon the total halide concentration of the blood. 
When bromide is discontinued, the equilibrium is 
upset, and the gradient reversed. The blood now 
becomes an excretion medium, receiving bromide 
from the tissues. If the total halide concentration 
of the blood is not such that bromide excretion is 
favored, there will result a temporary elevation of 
blood bromide. Moreover, whenever during the 
period of withdrawal the blood halide concentration 
is lowered, subsequent rises in the blood bromide 
will be observed. 

The elevation of the blood bromide in the controls 
was observed to be significantly greater than the 
elevation in those receiving chloride. Thus rabbits 
reserved as controls show a temporary blood bro- 
mide rise practically twice that of chloride-treated 
rabbits, while the degree of blood bromide elevation 
in untreated dogs is three times that of dogs on salt. 
Rather than “liberating bromide from the tissues 
faster than it can be eliminated by the kidney,” 
as postulated by Wagner and Bunbury (2), the 
chloride would seem to hasten urinary excretion of 
bromide, which is being excreted from the tissues via 
the blood. Both Bodansky and Modell (16), and 
Wolf and Eadie (17), working separately, have 
shown that a condition in which the blood is satu- 
rated with halide favors bromide excretion. The 
action of chloride, then, is to lower the blood bro- 
mide level by increasing the total halide concentra- 
tion of the blood and thus facilitate bromide excre 
tion. 


Much has been written concerning the toxic blood 
bromide level. This work shows that neither the 
production of bromide intoxication nor the course 
of bromide excretion is represented by an orderly, 
constant elevation or decline in the blood bromide. 
Since the blood bromide level is necessarily a func- 
tion not only of intestinal absorption and kidney 
excretion, but also of tissue fluid absorption and 
secretion, which in turn depend upon the total 
body bromide-chloride balance, it would seem more 
reasonable to consider bromide toxicity as related 
to total extracellular retention of bromide rather 
than simply to blood chloride replacement. Such a 
concept could resolve much of the existing confusion 
about the toxic bromide level. 


For example, it was noted that rabbit E showed 
all the clinical symptoms of bromism when the 
blood level was 1.00 meq./100 ml. There followed 
the usual temporary elevation, then a decline. But 
eight days later the blood bromide was 1.40 meq., 
although the animal was much improved. It would 
seem that bromide intoxication depends upon the 
total bromide depot rather than upon blood bromide 
alone. 


Conversely, dog No. 121 was observed to have an 
extremely low blood bromide content following a 
dose of 6.8 Gm. of bromide on the previous day, al- 
though the animal was beginning to show the clini- 
cal effects of bromide. Such a phenomenon would 
explain the case of acute bromide poisoning re- 
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ported by Perkins (3), in which the bromide level 
was only 15 mg. %, although the patient was coma- 
tose. Bodansky and Modell (16) have pointed out 
that injections of large amounts of bromide pro- 
mote urinary excretion of bromide just as does chlo- 
ride, by raising the total blood halide concentration. 
It may be surmised that subsequent blood bromide 
determinations on the aforementioned patient 
would have revealed much higher bromide levels 
resulting from secretion of bromide from the tissue 
spaces into the blood. 

Several of the animals suffered a replacement of 
more than 40% of blood chloride and yet survived 
If Ulrich’s figure of 30% chloride replacement is to 
be accepted as the toxic limit (18), and if Bernoulli's 
figure of 40% replacement is to be regarded as fatal 
(19), it would seem better to interpret them with 
reference to the total body chloride rather than to 
blood chloride only. This would explain such cases 
as that noted by Wohl (11), in which a patient 
with a level of 560 mg. % bromide survived. Al- 
though this level indicated a 42% replacement of 
blood chloride, it did not necessarily reflect the ex- 
tent of total body chloride replacement. 

Since blood bromide concentrations have been 
demonstrated in the present work to be elevated 
following discontinuance of bromide not only in 
those animals receiving chloride, but also in con- 
trols; and since the degree of elevation in the con- 
trols is invariably greater than in chloride-treated 
animals, it would seem inadvisable to withhold 
chloride for fear of elevating the bromide level. 


SUMMARY 
1. Acute and chronic bromide intoxication 
were induced in rabbits and dogs with suitable 
dosage. 

2. The level of chloride and bromide in blood 
and urine of 12 rabbits and 7 dogs showing clini- 
cal evidence of bromide intoxication was deter- 
mined daily for two weeks following discon- 
tinuance of bromide to determine whether 
chloride administration elevated blood bromide 
levels. 

3. Blood bromide concentrations were found 
to be elevated following discontinuance of bro- 
mide not only in those animals receiving chloride 
but also in the controls. Moreover, the eleva- 
tion of the blood bromide level in the controls 
was significantly greater than the elevation ob- 
served in those receiving chloride. 

4. The blood bromide level was observed to 
fluctuate considerably during excretion. This 
is taken as evidence that bromide toxicity is 
related to total extracellular bromide retention 
rather than simply to blood chloride replacement. 
The blood bromide level may be considered to be 
a function not only of intestinal absorption and 
kidney excretion, but also of tissue fluid absorp- 
tion and secretion, which in turn depend upon 
the total body bromide-chloride balance. 
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One hundred perfume oils were tested for anti- 
microbial properties against a series of patho- 
genic and nonpathogenic bacteria and fungi. 
The én vitro filter paper disk method was used 
exclusively for testing activity. The perfume 
oils were found to possess remarkable anti- 
microbial properties with greater activity 
against fungi than against bacteria. It is sug- 
gested that perfume oils be incorporated more 
widely into common toilet articles applied to 
the body surfaces as well as medicaments used 
externally. 


|S grevapes of substances are applied to the 
skin and hair of the human body for cos 
metic and hygienic purposes. Many of these 
substances are made aromatic to increase their 
ornamental value and to mask unpleasant odors. 
Yet the study of the antimicrobial activity of 
perfume oils has been somewhat neglected. In 
1924 Dyche-Teague (1) was apparently the first 
investigator to demonstrate that alcoholic per- 
fumes exhibited an antibacterial effect. He util- 
ized the phenol coefficient method and as the test 
organism a mixed culture of bacteria obtained 
from the nose consisting essentially of Micrococcus 
catarrhalis. In that same year Bryant (2) con- 
firmed the work of Dyche-Teague on the bacterial 
activity of alcoholic perfumes using as the test 
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organism a pure culture of B. coli communis. 
Recently Lord and Husa (3) found that some per- 
fume oils inhibited mold growth in very low con- 
centrations. These investigators suggested that 
perfumery materials might be used as preserva- 
tives. This report describes the in vitro anti- 
microbial activity of perfume oils against patho- 
genic and nonpathogenic bacteria and fungi. 


MATERIALS AND METHODS 


The detection of the antimicrobial activity of 100 
perfume oils was made by observing their effects on 
growing cultures of ten bacteria and ten fungi. The 
test organisms used were: Pseudomonas aeruginosa, 
Erwinia caratovora, Escherichia coli, Serratia mar- 
cescens, Micrococcus pyogenes var. aureus, Mycobac- 
terium phlei, Neisseria perflava, Bacillus subtilis, 
Salmonella typhosa, Candida albicans, Candida 
tropicalis, Candida krusei, Streptomyces venesuelae, 
Saccharomyces cereviseae, Aspergillus niger, Crypto- 
coccus rhodobenhani, Nigrospora panici, Mucor 
mucedo, and Penicillium notatum. All of the bac- 
teria were cultivated in nutrient agar and nutrient 
broth (Difco) for twenty-four hours at 37° with the 
exception of E. caratovera which was cultivated in 
nutrient agar and broth at room temperature for 
forty-eight hours and M. phlei which was cultivated 
in glucose yeast infusion agar and broth for forty- 
eight hours at room temperature. All of the fungi 
were cultivated in Sabouraud dextrose agar and 
broth (Difco) for forty-eight hours at room tem- 
perature with the exception of C. rhodobenhani, N. 
panici, and M. mucedo which were incubated for 
one week at room temperature. The mold-like 
bacterium S. venesuelae was cultivated on nutrient 
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agar and broth for forty-eight hours at room tem- 
perature. Stock cultures of all organisms were sub- 
cultured on fresh agar slants every seven days. 

The method used for determining the presence or 
absence of antimicrobial activity was a slight modi- 
fication of Vincent's (4) qualitative filter paper disk 
diffusion plate method. In this method small 
sterile disks of filter paper (12.7 mm. diameter) 
were thoroughly moistened in the oil to be tested 
and placed on the agar plates (100 mm. diameter) 
which had been previously seeded with 1 cc. of the 
broth culture of the organism. The plates with 
bacteria were incubated at 37° for twenty-four 
hours except E. caratovera and M. phlei which were 
incubated at room temperature for forty-eight hours. 
The plates with the fungi were incubated at room 
temperature for forty-eight hours with the exception 
of C. rhodobenhani, N. panici, and M. mucedo which 
were incubated for one week at room temperature. 

The presence of a definite zone of inhibition of any 
size surrounding the paper disks indicated anti- 
microbial activity. The zones of inhibition were 
measured to the nearest mm. by means of a metric 
ruler and an illuminated Quebec colony counter. 
All tests were conducted in triplicate with three 
disks (sometimes two) per dish. Therefore the 
measurement of each zone of inhibition represents 
the mean value of at least six recordings. In some 
instances the oils produced completely clear dishes. 
When this occurred larger dishes (150 mm. diameter) 
were used in repeating the experiment. In no in- 
stance did the oils produce complete clearing of the 
larger dishes. 

All of the zones of inhibition were tested to ascer- 
tain whether the activity was microbicidal or micro- 
bistatic. This was accomplished by making trans- 
fers from the clear zones into broths and incubating 
for four days or more. Growth in the tubes was 
indicative of microbistatic activity while no growth 
indicated microbicidal activity. 

As the oils arrived at the laboratory they were 
immediately placed into sterile bottles and tested 
for sterility. The test for sterility consisted of 
streaking each oil on nutrient agar and Sabouraud 
dextrose agar slants. The nutrient agar slants were 
incubated at 37° for three to four days while the 
Sabouraud destrose agar slants were incubated for 
one week or more at room temperature. All of the 
perfume oils were found to be free of microorgan- 
isms. 


RESULTS AND DISCUSSION 


Of the 100 perfume oils tested, all were found to 
exhibit antibacterial activity on at least two of the 
ten organisms employed. Table I lists these oils 
with their antibacterial activity and zones of inhibi- 
tion. From Table I it may be observed that 75° 
of the perfume oils tested were found to be bacteri- 
cidal, the remainder bacteriostatic. It isinteresting 
to note that 60% of the oils tested against B. sub- 
tilis and B. brevis proved to be bacteriostatic in con- 
trast to the remaining organisms where 10 to 25% 
of the oils exhibited bacteriostatic activity. Why 
the spore forming organisms B. subtilis and B. 
brevis should resist being killed by the perfume oils 
is not known. The answer may lie in the fact that 
these organisms were found to produce many spores 
after twenty-four hours of growth. Thus the oil 
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may not be able to penetrate the spore wall as 
readily as the vegetative cell wall. 

Table II lists one hundred perfume oils and their 
antifungal activity and zones of inhibition. These 
are the identical oils tested against bacteria in 
Table I. From Table II it may be observed that 
all of the perfume oils exhibited antifungal activity 
on at least six of the ten organisms tested. From 
Table II it may be observed that more than 80% 
of the oils tested against fungi were found to be fun- 
gicidal while the remainder were fungistatic. By 
a comparison of the data from Tables I and II 40°% 
of the oils show some antibacterial activity on the 10 
bacteria while 84° of the oils exhibited some anti- 
fungal activity on the 10 fungi. This seems to in- 
dicate that fungi are more vulnerable to perfume 
oils than bacteria. Table III lists the most effec- 
tive perfume oils against each test organism. Thus 
Almond § exhibits maximum effectiveness against 
E. caratovora, S. venesuelae, C. rhodobenhani, and 
M. mucedo; Cinnamon against N. perflava, M. 
phlei, and C. krusei; Citrus Odor No. 50 B against 
B. brevis, S. cereviseae, and A. niger; and Lemon 
Bouquet No. 58 against N. panici, P. notatum, and 
C. tropicalis. 

There appears to be little doubt that common 
toilet articles treated with perfume oils (or their 
constituents) such as soaps, creams, shampoos, 
lotions, ointments, powders, sprays, and other such 
preparations which are applied externally for vari- 
ous hygienic purposes, would also kill microbes in 
the areas applied. It seems rather fitting that 
those perfume oils which possess marked antimicro- 
bial properties might be incorporated more widely 
into medicaments used externally to ehnance their 
aesthetic and germicidal properties as well as to 
mask unpleasant odors. 


CONCLUSIONS 


1. The antimicrobial activity of 100 perfume 
oils was tested against growing cultures of 10 
bacteria and 10 fungi with the ¢m vitro filter paper 
disk method. 

2. The perfume oils which exhibited the 
greatest antimicrobial activity were: Almond S$ 
against E. caratovora, S. venesuelae, C. rhodoben- 
hani, and M. mucedo; Cinnamon against M. 
phlei, N. perflava, and C. krusei; Citrus Odor 
No. 50 B against B. brevis, S. cereviseae, and A. 
niger; Lemon Bouquet No. 58 against C. fropi- 
calis, P. notatum, and N. panici; Compounded 
Fruit Odor No. 1285 against E. coli and S. 
marcescens; Wisteria against Ps. aeruginosa; 
Pine Bouquet Supreme against M. aureus; Neu- 
tralizer F.A. against M. phlei; Pine Bouquet Swiss 
Type against B. subtilis; Orange Blossom “N” 
against S. typhosa; Allspice against P. notatum; 
Cologne ‘“‘F’’ European Type against C. albicans; 
and Lilac Water against C. krusei. 

3. All of the oils were found to possess anti- 
microbial activity on at least two of the ten 
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TABLE I. 


Allspice 
Almond S 

Apple Blossom No. 200 
Apple Blossom B.S. 
Arabian “N” 

Ashton Villa No. 6 

Bay Rum Essence 

Blue Bell Bouquet 
Bluestone Bouquet 
Bouquet No. 21 

Bouquet No. 22 

Bouquet 821 Lemon Odor 
Bouquet B.L.S 

Carnation No. 1162 
Chypre, French Type 
Chypre 66D 

Cinnamon 

Citrus Odor No. 50B 
Cologne, American 
Cologne “F,"" European Type 
Colonial Bouquet 
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AcTIviry OF PERFUME O1Ls ON BACTERIA 


Average Zone of Inhibition in mm * 
Ss 


0 
0 


— 
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Compounded Fruit Odor, No. 1285 


Carylopsis No. 602 
Carylopsis No. 604 
Crab Apple Blossom 
Eau de Cologne “S” 
Eau de Quinine M.O. 
Elder Buds 

Evergreen Bouquet 
Florida Water 

Fougere No. 966 
Fragipanni 

Gardenia No. 1500 
Gardenia G.H 

Gardenia J.M. 
Gardenia ‘‘S” 
Geranium Bouquet 
Heliotrope 

Honey Suckle 

Hyacinth “N" 

Jasmine No. 11347 
Jasmine No. 679 
Jasmine “N” 

Jasmine Ordinary 
Jockey Club 

Lavender “Y” 
Lavender Bouquet D.R. 
Lemon Bouquet No. 58 
Lemon Bouquet No. 62 
Lemon L.M 

Lilac Royal 

Lilac Water 

Lilas Blanc 

Lilas Blane L.S. 

Lilas Vegital 

Lilly of the Valley, Supreme 
Lotus Blossom 
Magnolia 

May Apple Blossom 
Mille Fleurs 

Mimosa No. 11548 
Mint Bouquet No. 122 
Narcissus 

Neroli Artificial 
Neutralizer, F.A. 

New Mown Hay, No. 100 
Orange Blossom 
Oriental Bouquet No. 225 
Osheana 

Palma Bouquet 

Pine Needle Bouquet No. 400 
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Ps 
aeru- B carato E marce f vi per- sub- ty- 
Oils ginosa brevis pora col scens aureus phlei flava tilis phosa 
12 13 10 0 27 12 ll 
0 0 73 0 0 | 16 0 0 
1 20 6 
1 23 6 
1 27 | 
2 ll 
3 12 
2 20 
2 24 
0 38 
0 10 
0 12 
0 15 
3 15 
1 7 
0 35 
2 0 28 
0 20 5 
3 10 21 
0 8 43 
0 3 10 
1 
3 
3 
3 
0 
0 
2 
0 
2 
0 
3 
2 
0 3 6 a 
1 3 7 
2 9 7 r 
0 8 2 
3 30 0 
5 20 5 
0 14 0 
2 26 5 
0 25 2 
2 27 0 
2 7 3 
1 24 3 : 
0 24 4 2 s 6 I 
0 15 3 2 10 ll 
} 0 12 0 3 0 10 0 |__| 
| 0 10 A 0 4 2 a 
0 5 5 0 3 18 
3 20 10 10 5 16 I 
3 17 0 0 0 11 
2 
3 
> 2 
2 
| 
4 
3 
3 
0 
3 
0 
4 
4 
0 
0 
0 
- 0 
n 0 
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|. (continued) 


Average Zone of Inhibitior in mm.* 


Ps E. S N B S 
aeru- B carato- E marce M M per- sub- ty 
Oils ginosa brevis vora coli scens aureus phlei flava talis phosa 
Pine Needle Bouquet V.H. 0 0 2 0 0 0 15 0 0 0 
Pine Bouquet, Supreme 0 3 7 4 2 15 15 2 8 3 
Pine Bouquet, Swiss Type 0 4 5 5 0 + 8 2 29 3 
Rose No. 81412, Otto Type 0 4 & 3 1 3 12 2 5 3 
Rose D.B. 0 5 15 0 7 3 S 6 4 4 
Rose Bleue 3 8 17 6 10 3 18 4 9 5 
Rose Briar 0 5 17 5 3 3 12 2 5 5 
Rose Gladis 2 9 22 3 6 4 33 5 11 1 
Rose Odorata 0 s 10 5 6 6 14 5 9 6 
Rose Red 4 i) 33 4 0 7 17 7 ll 7 
Roxul Bouquet 0 ra 5 6 2 2 6 2 8 6 
Rose No. 22! 0 5 i) 3 1 1 14 2 4 3 
Rosesol 0 0 4 1 I 0 3 0 2 0 
Russian Leather 0 3 14 3 0 3 3 1 4 2 
Sandalwood A-3 3 6 10 7 9 10 13 7 9 10 
Spring Flower Bouquet 6 10 10 7 0 9 6 6 10 s 
Sweet Grass 0 4 43 5 3 5 2: 0 5 0 
Sweet Pea 2 10 11 9 5 6 10 6 13 7 
Trefle 0 5 25 5 0 6 6 2 4 5 
Tuberose 5 10 12 9 10 7 35 7 10 8 
Vanilla K-600 0 3 s 3 2 8 5 2 2 5 
Violet No. 23 3 5 17 6 6 6 8 6 8 6 
Violet No. 257 3 5 13 5 5 6 15 4 5 6 
Violet “F” 2 2 10 3 3 5 11 2 3 0 
Violet F.D. 5 8 ll 8 5 8 5 7 10 s 
Violet de Luxe 1 4 5 3 3 3 7 2 6 3 
Violet, Supreme 1 6 10 5 3 4 8 3 9 4 
Wisteria 9 s 10 11 12 9 5 8 10 10 
Ylang Ylang, Artificial 0 4 3 4 2 0 2 0 3 4 


Measurement from disk edge to zone edge 
* Zone of inhibition absent 
¢ Zones inhibition in italics indicate bacteriostatic activity 


Average Zone of Inhibition in mm.* 
Ss Ss 


c c 

albi- tropi- Cc pene - cere- A rhodo N ad 

Oils cans calis krusei suelae viseae niger benhani panici cedo tum 

Allspice 12 6 5 2 12 27 24 20 27 50 
Almond S o@ 0 5 40 9 22 90° 45 78 29 
Apple Blossom, No. 200 5 7 5 + 11 15 15 18 16 15 
Apple Blossom, B.S. 6 7 3 5 7 s 10 10 7 12 
Arabian “‘N” 8 5 5 9 7 15 12 24 11 12 
Ashton Villa No. 6 5 10 5 8 5 15 10 25 7 15 
Bay Rum Essence 9 7 7 8 il 18 20 20 12 20 
Blue Bell Bouquet 7 10 8 10 18 15 14 26 12 20 
Bluestone Bouquet 8 10 6 10 12 27 14 38 20 20 
Bouquet No. 21 8 8 4 10 10 17 33 22 4 21 
Bouquet No. 22 3 5 2 9 2 7 10 6 6 10 
Bouquet 821 Lemon Odor 15 6 7 17 12 20 26 22 20 20 
Bouquet B.L.S. 10 7 7 9 5 20 20 30 7 20 
Carnation No. 1162 5 6 5 6 8 20 14 20 10 15 
Chypre, French Type 5 5 5 7 7 ll 6 9 7 10 
Chypre 66 D 0 1 2 3 d 5 6 4 2 6 
Cinnamon 9 7 10 11 25 15 20 38 23 20 
Citrus Odor No. 50 B 3 15 5 2! 30 35 4 2! 4 45 
Cologne, American 5 6 8 13 10 18 12 25 20 15 
Cologne “F,"" European Type 20 9 5 14 10 20 9 25 25 13 
Colonial Bouquet 7 8 s 12 12 20 8 40 6 20 
Compounded Fruit Odor 1285 8 7 7 12 12 8 25 25 3 14 
Carylopsis No. 602 6 10 8 11 15 16 10 32 16 20 
Carylopsis No. 604 7 10 5 11 10 15 12 20 15 15 
Crab Apple Blossom 8 10 5 8 8 21 15 30 10 18 
Eau de Cologne “S” 4 3 2 4 5 3 7 25 10 3 
Eau de Quinine, M.O. 7 ¢ 3 10 4 20 12 18 15 15 
Elder Buds 9 7 4 12 12 16 12 18 20 20 
Evergreen Bouquet 0 3 0 10 0 8 7 7 3 15 
Florida Water 8 5 5 5 11 18 12 17 14 15 
Fougere No. 966 0 3 3 2 3 10 12 20 6 15 
Fragipanni 5 5 0 9 13 14 14 17 10 15 
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Average Zone of Inhibition in mm ¢ 
Cc Ss Ss rho- M 
tropi- pene cere- A doben- N mu- 

Oils calis krusei suelae viseae wmiger hanit panici cedo 

yardenia No. 1500 9 

Gardenia, G.H. 15 

Gardenia, J.M. 

Gardenia “S” 

Geranium Bouquet 

Heliotrope 

Honey Suckle 

Hyacinth 

Jasmine No. 11347 

Jasmine No. 679 

Jasmine 

Jasmine Ordinary 

Jockey Club 

Lavender ““Y” 

Lavender Bouquet D.R 

Lemon Bouquet No. 58 

Lemon Bouquet No. 62 

Lemon L.M. 

Lilac Royal 

Lilac Water 

Lilas Blanc 

Lilas Blanc, L.S. 

Lilas Vegital 

Lilly of the Valley, Supreme 

Lotus Blossom 

Magnolia 

May Apple Blossom 

Mille Fleurs 

Mimosa No. 11548 

Mint Bouquet No. 122 

Narcissus 

Neroli, Artificial 

Neutralizer 

New Mown Hay, No. 100 

Orange Blossom 

Oriental Bouquet No. 225 

Osheana 

Palma Bouquet 

Pine Needle Bouquet No. 400 

Pine Needle Bouquet, V.H. 

Pine Bouquet, Supreme 

Pine Bouquet, Swiss Type 

Rose No. 81412, Otto Type 

Rose D.B 

Rose Bleue 

Rose Briar 

Rose Gladis 

Rose Odorata 

Rose Red 

Roxul Bouquet 

Rose No. 225 

Rosesol 

Russian Leather 

Sandalwood A-3 

Spring Flower Bouquet 

Sweet Grass 

Sweet Pea 

Trefle L.H. 

Tuberose 

Vanilla K-600 

Violet No. 23 

Violet No. 257 

Violet “F" 

Violet F.D. 

Violet de Luxe 

Violet, Supreme 

Wisteria 

Ylang Ylang, Artificial 
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* Measurement from disk edge to zone edge 
» Zone of inhibition absent 


* Zones of inhibition in italics indicate fungistatic activity. All other zones in the table indicate fungicidal activity. 


P 
nota- 
tum 
15 
20 
18 
20 
20 
18 
18 
20 
15 
10 
18 
20 
15 
20 
15 
50 
15 
17 
18 > 
15 
20 
15 
15 
15 
18 
13 
15 
17 
13 
15 
15 
15 
20 
15 
30 
20 
10 
25 
10 
2 
20 
10 
25 
18 
20 
20 
25 
20 
20 
20 
15 
5 
9 
10 
7 
20 
15 
15 
17 
11 
10 
10 
11 
15 
5 
10 
16 
10 
| 
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TABLE 


Ps. aeruginosa 
(1) Wisteria’ 
(2) Spring Flower Bouquet 
(3) Compounded Fruit Odor No. 1285, Honey 
Suckle, Tuberose, and Violet F. D. 
B. brevis 
(1) Citrus Odor No. 50 B 
(2) Neutralizer F.A 
(3) Compounded Fruit Odor No. 1285 
E. caratovora 
(1) Almond 
(2) Cologne “F’’ European Type and Sweet Grass 
(3) Bouquet No. 21 
E. coli 
(1) Compounded Fruit Odor No. 1285 and Orange 
Blossom “‘N”’ 
(2) Wisteria 
(3) Lilac Royal, Lilas Vegital, Lotus Blossom, and 
Neutralizer, F.A 
S. marcescens 
(1) Compounded Fruit Odor No. 1285 
(2) Wisteria 
(3) Neutralizer F.A. 
M. aureus 
(1) Pine Bouquet Supreme 
(2) Bouquet No. 21 and Neutralizer F. A. 
(3) Bouquet 821 Lemon Odor, Lavender Bouquet 
D.R., Lotus Blossom, and Sandalwood A-3 
M. phlei 
(1) Cinnamon, Neutralizer F.A., and Tuberose 


(2) Rose Gladis 
Fruit Odor No. 1285, Elder 


(3) Compounded 
Buds, Lilas Blanc L.S., and Lotus Blossom 


N. perflava 
(1) Cinnamon 
(2) Neutralizer F.A. and Jasmine N 
(3) Bouquet 821 Lemon Odor, Compounded 
Fruit Odor No. 1285, and Lilly of the Valley 
Supreme 
B. subtilis 
(1) Pine Bouquet Swiss Type 
(2) Citrus Odor No. 50 B 
(3) Eau de Cologne “S’’ and Lemon Bouquet No. 
58 
S. typhosa 
1) Orange Blossom “‘N”’ 
2) Mille Fleurs and Neutralizer F.A. 
(3) Compounded Fruit Odor No. 1285 
C. albicans 
(1) Cologne “F’’ European Type 


bacteria used and at least six of the ten fungi 
employed. 

4. The most resistant bacterium was Pseudo- 
monas aeruginosa while the most vulnerable was 
Erwinia caratovora. Candida kruset was found 
to be the most resistant fungus while the most 
susceptible was Nigrospora panict. 

5. More than 70% of the perfume oils pro- 
duced microbicidal activity. 


6. The antifungal activity of perfume oils 
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(2) Bouquet 821 ‘Lanes “Odor “and Neutralizer 
F.A. 


(3) Lavender 


C. tropicalis 

(1) Citrus Odor No. 50 B 

(2) Neutralizer F.A. 

(3) Ashton Villa No. 6, Blue Bell Bouquet, Blue- 
stone Bouquet, Carylopsis No. 604, Crab 
Apple Blossom, Lemon Bouquet No. 58, 
Lilac Water, Lilas Blanc L.S., Lilas Vegital, 
Oriental Bouquet No. 225, Rose Odorata, 
and Rose Red 


krusei 
(1) Cinnamon and Lilac Water 
(2) Lilas Blanc 
(3) Blue Bell Bouquet, Cologne American, 
Colonial Bouquet, Carylopsis No. 602, Gar- 
denia G.H., Lilas Blanc L.S., Neroli Artificial, 
and Neutralizer F.A. 
S. venezuelae 
(1) Almond S 
(2) Citrus Odor No. 50 B 
(3) Neutralizer F.A. 
S. cereviseae 
(1) Citrus Odor No. 50 B 
(2) Cinnamon and May Apple Blossom 
(3) Narcissus 
A. niger 
(1) Citrus Odor No. 50 B and Oriental Bouquet 
No. 225 
(2) Allspice and Bluestone Bouquet 
(3) Lavender ““Y"’ and Lemon Bouquet No. 58 
C. rhodobenhani 
(1) Almond S 
(2) Bouquet No. 21 
(3) Lemon Bouquet No. 58 
N. panici 
(1) Lemon Bouquet No. 58 
(2) Almond $ 
(3) Neutralizer F.A. 
M. mucedo 
(1) Almond S 
(2) Allspice 
(3) Cologne “ 
P. notatum 
(1) Allspice, and Lemon Bouquet No. 58 
(2) Citrus Odor No. 50 B 
(3) Orange Blossom ‘‘N”’ 


F" European Type 


Data t from Tables I and Il 
Oils arranged in the order of decreasing activity. 


does not parallel its antibacterial properties. 
7. Fungi are almost twice as vulnerable to 
perfume oils as bacteria. 
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A Comparison of Human Serum Levels of 
Acetylsalicylic Acid, Salicylamide, and 
N-Acetyl-p-Aminophenol Following 
Oral Administration® 


By JOHN H. WEIKEL, Jr. 


Comparative blood levels of acetylsalicylic acid, salicylamide, and N-acetyl-p-amino- 
phenol were obtained from the same human subjects following the oral administra- 
tion of 1.0 gram of each drug. A peak level of 7 mg. per cent was demonstrated 
for acetylsalicylic acid three hours after ingestion of the drug. No detectable free 
salicylamide was found in serum, but conjugated salicylamide reached a peak concen- 


tration of 2 mg. per cent at one hour. 


concentration of a 


N-Acetyl-p-aminophenol showed 
for 


put 1 mg. per cent at one hour which was well maintaine 


the five-hour observation period. These data suggest that, since N-acetyl-p-amino- 
phenol exists in its free form, lower blood levels are required for therapeutic effec- 
tiveness than with acetylsalicylic acid and salicylamide. 


B= CLINICAL (1-3) and experimental (3, 4) 

studies have demonstrated that acetyl- 
salicylic acid, salicylamide, and N-acetyl-p- 
aminophenol exert their antipyretic-analgetic 
effectiveness with similar oral dosages. A _ pre- 
cise and objective measure of this pharmacologic 
effect is difficult to obtain. However, a com- 
parison of the data on antipyretic or analgetic 
efficacy with the blood levels of the agents should 
permit their more definitive characterization. A 
number of reports on the metabolism of these 
three drugs appeared in the literature but none of 
them gives a direct quantitative comparison of 
the blood concentrations of these antipyretic 
agents. The various studies on each of the 
several agents have employed different doses, 
species, time intervals for blood samples, and 
experimental procedures. 

The following study was instituted to obtain a 
direct comparison of the blood levels following 
oral administration of equal quantities of acetyl- 
salicylic acid, salicylamide, and N-acetyl-p- 
aminophenol which might permit a correlation 
between blood level and pharmacological efficacy. 
Blood concentrations were determined in human 
subjects each of whom had ingested each of the 
drugs on three different days. 


EXPERIMENTAL 


Six normal, healthy men weighing 153.5 to 195 
pounds were used as subjects. Each individual re- 
ceived three '/;-Gm. capsules of either acetylsal- 
icylic acid (ASA), salicylamide (SAM), or N-acetyl- 
2a Received November 15, 1957, from the Department 


of Pharmacology, Research Division, Mead Johnson & Com- 
pany, Evansville, Ind. 


p-aminophenol (NAPAP) two hours following a light 
standardized hospital breakfast. Blood samples 
were obtained at one-half, one, two, three, and five 
hours after ingestion of the drug. The serum (2-3 
ml.) was immediately separated and then stored 
under aseptic conditions for subsequent assay. 
The experiment was repeated at three. or four-day 
intervals until all subjects had received each of the 
three drugs. 

Although conflicting evidence has been presented 
as to the presence of salicylate in the acetylated form 
in the serum following oral administration (5, 6), it 
is quite evident that any such nonhydrolyzed acid 
makes only a minor contribution to the total salic- 
ylate concentration. Therefore, the serum levels 
of acetylsalicylic acid were determined and calcu- 
lated as salicylic acid by means of the ferric ion- 
salicylate color reaction following an ethylene di- 
chloride extraction (6, 7). Early reports showed 
that the serum levels of salicylamide, which is not 
converted to salicylate, were low and not pro- 
longed (3, 8, 9) but Crampton and Voss (10) con- 
tended that this drug was present in the serum of 
the rabbit as a conjugate and that this conjugate 
was detectable in the serum longer than was free 
salicylamide. These data indicated that total 
salicylamide concentrations might be more signifi- 
cant and the serum levels were determined by the 
method of Crampton and Voss (10). The blood of 
the subjects which received NAPAP was assayed 
for free N-acetyl-p-aminophenol by hydrolysis of 
the N-acetyl group followed by diazotization and 
coupling with a-naphthol (11). 

Acetylsalicylic Acid.—Only barely detectable 
salicylate levels were present in the serum one-half 
hour following the ingestion of acetylsalicylic acid. 
The concentration of salicylate in the serum then 
increased to a peak of about 7 mg. per cent in from 
two to three hours. The peak average concentra- 
tion of the six serums was at three hours, but two of 
the six subjects showed their highest levels at two 
hours. A slow decline in serum salicylate concen- 
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tration was shown by the fact that at five hours the 
levels were approximately equal to the two-hour 
concentration. The complete results of the blood 


serum analyses are given in Table I. 
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efficacy. The answer probably lies in the relation- 
ship between measured serum level and effective 
serum level. 

It can be assumed that following administration 


'/: Hour 1 Hour 2 Hours 3 Hours 5 Hours 

Subject ASA SAM NAPAP ASA SAM NAPAP ASASAM NAPAP ASA SAM NAPAP ASA SAM NAPAP 
i? 1.3 0 0.1 3.2 1.4 3.8 0 0.6 4.2 1.6 0.6 6.0 1.4 0.6 

€ 3.0 2.4 0.6 6.5 3.2 0.4 7.2) Oe 7.4 0 1.0 4.1 0 08 
Ak 1.5 2.4 0.4 4.2 3.2 0.5 5.0 1.8 1.0 10.2 2.2 1.2 6.0 1.5 0.8 
Wh 3.0 0.6 6.6 1.2 0.5 6.9 1.6 1.0 6.3 0.8 5.0 0 0.6 
Hu 1.2 0 1.2 5.7 0.3 1.4 7.1 1.8 1.1 6.7 1.5 0.8 53 09 0.6 
Je 26 0 1.5 2.0 2.0 1.6 a2 3.2 0.9 6.8 0.2 1.0 6.5 0.4 0.5 
Average 3. 3a 0.7 4.7 1.9 0.9 8 eS 0.9 6.9 1.1 0.9 5.5 07 07 

z 0.4 0.6 0.7 08 O05 0.8 0.6 O.4 0.3 0.6 0.4 0.5 04 03 0.3 


* In mg. per 100 mil. of serum 


Salicyamide—The serum levels of salicylamide 
were much lower than those observed with acetyl- 
salicylic acid. The serum of two subjects was ex- 
amined for free salicylamide, but no free drug was 
detected. It can thus be assumed that following 
1.0 Gm. of SAM there was less than 0.3 mg. of free 
salicylamide in each 100 ml. of serum at any of the 
time intervals examined in this study. When the 
serum was subjected to acid hydrolysis to free con- 
jugated SAM, low but measurable levels of salicyl- 
amide were found. The total salicylamide concen- 
tration rose to an average peak of 1.9 mg. % at one 
hour. The concentration of salicylamide then de- 
clined to barely detectable levels of 0.7 mg. % at five 
hours. It should be noted that the sensitivity of 
this method is such that 0.2-0.5 mg. % is the limit 
of detection and that its accuracy below 1.0 mg. % 
is poor. 

N-Acetyl-p-aminophenol.—The serum concentra- 
tion of NAPAP following oralad ministration was 
different from that found with either of the other 
agents. A peak concentration of about 1.0 mg.% 
was reached even more rapidly than with salicyl- 
amide, and in contrast to salicylamide, this peak 
represents unconjugated drug. The blood level re- 
mained rather constant at this peak from the first 
to third hour and then declined slowly. Although 
the concentrations determined at one-half hour and 
one hour showed considerable variation, the later 
values were quite consistent among the six subjects. 


DISCUSSION 


Examination of the data obtained in this study 
shows that the serum levels obtained by equal doses 
of acetylsalicylic acid, salicylamide, and N-acetyl-p- 
aminophenol, which are also approximately equal in 
relationship to the therapeutic dose, are at great 
variance. Acetylsalicylic acid gives the highest 
serum concentration of total measured drug but 
requires the longest period of time to reach the peak 
level. Salicylamide reaches a considerably lower 
peak earlier, while N-acetyl-p-aminophenol reaches 
its highest concentration most quickly but never 
attains the level of the other two drugs. The ques- 
tion arises concerning the apparent discrepancy 
between serum concentration and therapeutic 


of a drug a dynamic equilibrium of the drug between 
the blood and the tissues and between the tissues 
and the effector sites is established. If the blood and 
tissue levels of the drug are equal, a measure of the 
blood concentration of that drug will give an esti- 
mate of the amount available to exert its effect. 
If only a portion of the drug in the serum is available 
to combine with the tissues, the blood level is a less 
reliable measure of an effective concentration. 

In the case of NAPAP the measured concentra- 
tion in the serum represents only free NAPAP and 
should be an index to the therapeutically active 
concentration. This supposition is strengthened 
by the observation of Brodie and Axelrod (12) that 
the concentration of NAPAP in serum water equaled 
that in brain water. Additional evidence of the 
importance of the ratio of free to bound or con- 
jugated drug is furnished by the data by Boxill, 
Nash, and Wheeler (4) on antipyretic potency and 
duration of activity. 

The parallel between serum levels and pharma- 
cologic activity is less certain in the case of salicyl- 
amide. The values determined here represent total 
salicylamide and this total is, within the limits of 
detection, all as a conjugated form. Although this 
conjugated salicylamide may be in equilibrium with 
an active drug, it is questionable that it is active per 
se. Seeberg, ef al. (9), showed that the brain and 
serum salicylamide concentrations were nearly 
equal up to 1 hour, but that the brain concentra- 
tions then declined even more rapidly than did the 
serum concentrations. 

Smith, et al. (6), showed that with acetylsalicylic 
acid the concentration of salicylate in the brain was 
less than half that of the serum. Seeberg, ef ai. (9), 
obtained even greater serum to brain ratios ranging 
from 17:1 at one-half hour to 8:1 at five hours. One 
possible explanation of this phenomenon is the high 
percentage of serum protein bound salicylate (6). 

It would seem from the data presented here and 
that from other literature that serum levels of N- 
acetyl-p-aminophenol represent a good measure 
of tissue levels, and hence are indicative of thera- 
peutically effective drug. The serum levels of 
acetylsalicylic acid and salicylamide may be a func- 
tion of the therapeutic levels but cannot be com- 
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pared directly 
phenol. 


with those of N-acetyl-p-amino- 


SUMMARY 


1. Human blood levels of acetylsalicylic acid, 
salicylamide and N-acetyl-p-aminophenol have 
been compared in the same subjects following 
an oral dose of | gram of each drug. 

2. Acetylsalicylic acid exhibited the highest 
serum concentration (7 mg.%) which was reached 
most slowly and maintained for the longest period 
of time. 

3. No free salicylamide could be detected in 
the blood serum. Total or conjugated salicyl- 
amide was present in the blood serum at a 
peak concentration of about 2 mg.%. 

4. The peak concentration of N-acetyl-p- 
aminophenol of about 1 mg.% was reached most 
quickly. 

5. The serum levels of N-acetyl-p-amino- 


Screntiric 


Comparative Pharmacological and Toxicological 
Evaluation of N-Acetyl-p-Aminophenol, 
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phenol which are reported here represent free 
drug while the levels of acetylsalicylic acid and 
salicylamide do not. The implications of this 
difference are discussed in terms of blood level- 
pharmacologic effect relationships. 
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Salicylamide, and Acetylsalicylic Acid* 


By GALE C. BOXILL, CLINTON B. NASH, and ALLAN G. WHEELER 


Acute toxicity studies on N-acetyl-p-aminophenol (NAPAP), salicylamide (SAM), 


and acetylsalicylic acid (ASA) revealed that NAPAP was least toxic (LDse) in rats 


and guinea pigs while SAM was least toxic in mice. 


As antipyretic agents NAPAP 


and ASA were approximately equivalent in —— and both were more effective 


than SAM. A consideration of the ratio of t 


e minimum neurological deficit dosese 


(TDse) and the minimum effective antipyretic dose indicated that NAPAP and ASA 
had a wider safety marginthan SAM. ASA produced tachycardia, pyrexia, polypnea, 


and an increase in tidal volume. 


pH, tidal volume, respiratory rate, and heart rate. 
with ASA and SAM but not with NAPAP. 


T= NUMBER of reports which have recently 

appeared in the literature dealing with ac- 
cumulation (1), sensitivity (2), and toxicity (3-5) 
of the salicylates initiated a search for drugs 
which could replace them as antipyretics. 
Among those drugs considered as possible sub- 
stitutes were N-acetyl-p-aminophenol and sal- 
icylamide. Although the analgetic or antipy- 


* Received November 14, 1957, from the Department of 
Pharmacology, Research Division, Mead Johnson and Co., 
Evansville, Ind 

The valuable technical assistance of Mr. R. Elmore, Mr. I 
Seager, Mr. C. Hawkins, Mr. G. Casten, Mr. J. Schmid, and 
Mrs. V. Drinnon is gratefully acknowledged. 


NAPAP and SAM produced little change in blood 


er depression was seen 


retic activities of these compounds are well 
documented (6-10), other pharmacological and 
toxicological actions are less well known. 

It was observed during the preliminary studies 
in this laboratory that the toxicological manifes- 
tations of N-acetyl-p-aminophenol differed from 
those reported for salicylamide and aspirin. 
Because of these differences in toxicity and the 
lack of adequate pharmacological and toxicolog- 
ical information, a comparative study of N- 
acetyl-p-aminophenol (NAPAP, Tempra)!', sali- 


' Mead Joh 
aminophenol. 


and Company trade-mark for N-acetyl-p- 
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cylamide (SAM), and acetylsalicylic acid (ASA) 
was undertaken. 


EXPERIMENTAL 


Acute Toxicity.—-The three compounds used for 
these evaluations were each administered to mice, 
rats, and guinea pigs in a 10% gum acacia suspen- 
sion. The volumes of the suspensions administered 
ranged from 10-30 ml./Kg. for mice, 10-20 ml./Kg. 
for rats, and 10 ml./Kg. for guinea pigs. Fasted 
animals were deprived of food from fifteen to seven- 
teen hours prior to drug administration while the 
nonfasted groups had access to food until the time 
of the experiment. All animals had access to water 
ad libitum except during the six-hour observation 
period that immediately followed intubation. Ani- 
mals were housed in rooms that were maintained 
at 76-78° F. and had access to focd and water 
throughout the remaining 162 hours of observation. 

Ten male albino mice (17-30 Gm., Hamilton 
Laboratory animals, H L A strain), ten male albino 
rats (95-180 Gm., H L A strain) and ten guinea pigs 
(180-310 Gm.) were employed at each dose level. 
The LDy values were determined in a manner 
advocated by Lehman, et al. (11), and computed 
according to the method of Litchfield and Wilcoxon 
(12) 

The toxic effects from these compounds were 
manifested in some type of neurological abnormality 
and were expressed as the minimal neurological de- 
ficit doses (TDy). The end point for the TDy was 
determined by the method of Swinyard, Brown, and 
Goodman (13) 

Antipyretic Activity—The activity of NAPAP, 
ASA, and SAM was compared in male albino rats by 
a modification of the method of Smith and Ham- 
bourger (14). One hundred and eighty adult male 
rats (200-250 Gm., H LA strain) which had been 
fasted for approximately sixteen hours were rendered 
febrile by the subcutaneous injection of a 15% 
aqueous suspension of brewer's yeast.? Animals 
with a normal resting temperature of less than 
98.5° F. or more than 100° F. were excluded from 
the experiment. Each animal received 1.0 ml./100 
Gm. of body weight of yeast. Animals which did 
not show more than 1° F. increase in rectal tem- 
perature five hours after the yeast administration, 
designated as 0 hour, were eliminated from the ex- 
periment. All drugs were administered perorally 
five hours after the yeast injection as a suspension 
in 10% gum acacia in a volume of 10 ml./Kg. The 
doses tested for each drug were 100 mg./Kg., 125 
mg./Kg., and 150 mg./Kg. Rectal temperatures 
were taken by a Tele-thermometer 0.5, 1.0, 2.0, 
3.0, 4.0, and 5.0 hours after the animals had re- 
ceived the antipyretic drug. 

Anticonvulsant Activity.—The anticonvulsant ac- 
tivity of the three compounds was assayed by two of 
the battery of tests reported by Swinyard and asso- 
ciates (13): maximal electroshock seizure pattern 
(MES); metrazol seizure threshold test (Met). 

The test compounds were suspended in 10% gum 
acacia and administered perorally in a volume of 
10 ml./Kg. to nonfasted male albino mice (H L A 
strain) that weighed 18-25 Gm. 


* Appreciation is expressed to Dr. R. D. Seeley, Anheuser- 
Busch, Inc., St. Louis, Mo., for furnishing the yeast used in 
this study. 
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Each dose level was studied on 25 animals of 


which 20 received the drug and 5, the controls, 
received the vehicle only. The convulsive seizures 
were produced by 50 mA of current being applied 
for 0.2 second’s duration through Spiegel corneal 
electrodes. Five different drug animals were 
shocked at 0.5, 1.0, 2.0, and 4.0 hours 

The namber of animals and the method of ad- 
ministration of the test drugs were the same as that 
described above for the MES test. Five different 
animals were challenged with 85 mg./Kg. (S.C.) of 
metrazol 0.5, 1.0, 2.0, and 4.0 hours after receiving 
the test drug. The animals were observed for 
clonic convulsions for one hour after being chal- 
lenged with metrazol. If a clonic convulsion 
which lasted for five seconds occurred, the drug was 
considered to have offered no protection to that 
animal. 

Prolongation of Sleeping Time.—A modification 
of the method of Reinhard (15) was used to evaluate 
mild central nervous system activity of NAPAP, 
SAM, and ASA. Doses of the compound to be 
tested were administered orally as a suspension in 
10% gum acacia in a volume of 10 ml./Kg. to groups 
of male albino mice (17-24 Gm., H L A strain) 
which had been fasted for approximately sixteen 
hours. Thirty minutes later the animals were in- 
jected, intraperitoneally, with 65 mg./Kg. of pento- 
barbital sodium. Each dose level consisted of 10 
mice. 

The average sleeping time of each group of the test 
animals was compared to the average sleeping time 
of the control animals and tested for significance by 
the student’s “‘t’’ test. The smallest dose which 
differed significantly (P = 0.05) from the controls 
was determined for each drug 

Cardiovascular and Respiratory Studies. —Cardio- 
vascular and respiratory studies were made on 
mongrel dogs of either sex anesthetized with barbital 
sodium, 275 mg./Kg., LV. Blood pressure was 
measured with a mercury manometer and respiration 
recorded by the Anderson inspirometer (16). In 
order to emphasize the differences in action between 
these three compounds, a fixed dose of 250 mg./Kg. 
suspended in 0.5% Methocel 400 was given by 
intragastric injection following laparotomy. Blood 
samples were taken under oil just prior to and at 
hourly intervals following the drug injection and 
blood pH was measured with a Beckman Model 
H-2 meter. Young cats furnished the hearts for 
the Langendorff isolated heart studies employing 
the Anderson-Craver technique (17) and perfusion 
fluid (18) was used as the drug solvent in these 
experiments. 


RESULTS 


Acute Toxicity..Species variation to drug sensi- 
tivity was illustrated by our findings. NAPAP 
elicited a significantly lower mortality level in rats 
and guinea pigs while SAM produced a lower mor- 
tality in mice. The LD,» did not differ significantly 
between NAPAP and ASA in nonfasted mice or be- 
tween ASA and SAM in rats. The LD values 
were the lowest for NAPAP in fasted mice and for 
ASA in guinea pigs. 

The TDy’s were significantly lower for SAM than 
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for ASA in rats and mice or NAPAP in rats and between ASA and NAPAP in either species. 
fasted mice. Values did not differ significantly The results of the toxicity studies are summa- 
between SAM and NAPAP in nonfasted mice or rized in Tables I and II. 


TABLE 1—COoOMPARISON OF THE LDy VaLuES OF N-ACETYL-P-AMINOPHENOL, SALICYLAMIDE, AND ACETYL- 
SALICYLIC ACID 


Nutritional Mean 
Status No. of 7 
re Animals eight, LDw in mg./Kg. with 95°) confidence limits 
Species NF? Used > 24 Hr 48 Hr 96 Hr 168 Hr 
Mouse F 60 20.6 570(430— 525(392— 525(392-— 467 (348 
703) 703 ) 626) 
Mouse NF 90 22.3 2 980 (839— 850(720— 850 (720- 
1144) 1002) 1002) 


Rat 40 22.§ 4400 4400 3700 
7. (3928 (3928— (3189— 
4928 ) 4928 ) 4292) 
Guinea pig J j 254.: 35 3000 2750 2620 
(2600 
3450) 
Mouse ; 2 1200 1200 1200 
(1090— (1090 (1090- 
1321) 1321) 1321) 
Mouse j 5 1509 1590 1500 
(1355- (1355- (1340- 
1867) 1679) 
Rat é 5 1100 2 980 (817- 
(921 2- 1176) 
) 1310) 2: 
Guinea pig y 1750 7 1730 
(1511- 516 (1516- 
2025) 97- 1974) 
Mouse 20. 960 (872— 960(872— 96 72— 960 (872 
997) 997) 997 997) 
Mouse NF 1000 1000 1000 
(909- (909 909- (909- 
1110) 1110) 1110) 
Rat . 21.¢ 1600 1600 : 1430 
(1194 (1194 is (1065 
2144) 2144) 92 1921) 
Guinea pig j 2: 1095 1075 75 1075 
(972 (948 (948 
1238) 1219) 1219) 1219) 


« Fasted animals were deprived of food for fifteen to seventeen hours prior to and for six hours following intubation 
® Nonfasted animals were deprived of food for only six hours immediately following intubation 
© Ten animals were the minimum number utilized on each dose level 


TABLE II.—CoMPARISON OF THE TDy VALUES OF N-ACETYL-P-AMINOPHENOL, SALICYLAMIDE, AND ACETYL- 
SALICYLIC AcID 


Mean TDw mg./Keg 
No. of with 
Animals right, Confidence Limits, 
Species NF Used* 24 Hr 
Mouse 40 20.: 144 (121-171) 
Mouse N 30 : 185 (151-226) 
Rat 30 32.; 268 (213-338 ) 
Rat 4 342 (282-400) 
Mouse : 87 (59 .6—-126 .7) 
Mouse ‘ 142 (107 . 7-187) 
Rat 36 71 (59-84. 5) 
Rat 5 2 82 (61-110) 
Mouse F j 158 (129-194) 
Mouse 2: 205 (175-240) 
Rat 220 (149-323) 
Rat 21 312 (236-412) 
“T Pasted animals were deprived of food for fifteen to seventeen hours prior to and for six hours following intubation. 
+ Nonfasted animals were deprived of food for only six hours immediately following intubation 
© Ten animals were the minimum number utilized on each dose level 


Drug 
NAPAP 
SAM 
ASA 
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In all species studied the signs of toxicity noted 
following the administration of NAPAP were hypo- 
activity and depression accompanied by a decreased 
respiratory rate. Slight tremors were noted in 
guinea pigs during a depressed state that occurred 
prior to a loss of righting reflex. Rats were slightly 
hyperirritable to audible stimuli during the absence 
of the righting reflex which occurred at only lethal 
dose levels. Some animals recovered completely 
from the CNS depression. Death was due to respir- 
atory failure. 

The initial toxic effects from SAM on the three 
species studied were ataxia and depression which 
progressed to a state of hypnosis in accordance 
with a dosage increase. Labored respiration and 
cyanosis ensued prior to death which was apparently 
the result of respiratory failure. In mice, either a 
prolonged period of depression or a period of inter- 
mittent episodes of hyperactivity, coarse tremors 
and a running type of convulsion occurred following 
recovery from hypnosis. Occasionally the SAM ani- 


No Dose Control 
Drug* Animals mg./Kg —5 0 
NAPAP 19 150 98.9 100.3 
+ 
0. 106° 0.158 
NAPAP 18 125 99.0 100.3 
+ + 
0.108 0.175 
NAPAP 8 100 99.4 100.7 
+ + 
0.173 0.265 
SAM 18 150 99.0 100.6 
+ + 
0.132 0.181 
SAM 18 12! 99.0 100.4 
+ + 
0.134 0.120 
SAM 9 100 99.3 100.5 
= + 
0.17% 0.183 
ASA 19 150 98 .7 100.1 
+ 
0.151 0.165 
ASA 16 125 98.9 100.5 
> + 
0.090 0.162 
ASA 10 100 99.0 99.9 
+ + 
0.167 0.224 
Fevered 19 Tested with 99.0 100.4 
con- 150 mg./Kg. 
trols animals 0.110 0.192 
Fevered 19 Tested with 99.1 100.3 
con- 125 mg /Kg + - 
trols animals 0.1385 0.119 
Fevered 7 Tested with 99.4 100.2 
con- 100 mg./Kg. + + 
trols animals 0.181 0.377 


* Rat—Oral Administration 
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mals displayed bizarre motions characterized by 
rapid movements of the head in a vertical or hori- 
zontal plane and a rapid circular locomotion. No 
recovery from these later effects was noted during 
a three weeks’ observation period. Those animals 
which did not display the biazarre activity and sur- 
vived exhibited a complete recovery from drug effects. 

An initial depression accompanied by a decrease 
in respiratory rate and ataxia were produced with 
ASA. Mice and guinea pigs were prone to exhibit 
hyperirritability to audible and tactile stimulation. 
These signs of intoxication were followed by tremors, 
Straub’s reaction (mice and rats) and clonic con- 


vulsions. 


Salivation was especially evident in mice. 


Deaths were the result of respiratory failure following 


repeated convulsive seizures. 


the drug were noted in surviving animals. 

Antipyretic Activity.-The results of the antipy- 
retic action of 100 mg./Kg., 125 mg./Kg., and 150 
mg./Kg., perorally, of NAPAP, SAM, and ASA are 


presented in Table IIT. 


Average Temperature After Drug (Hr.), °F 


III.—Anrtipyreric Activity oF N-ACETYL-P-AMINOPHENOL, SALICYLAMIDE, AND ACETYLSALICYLIC 
AcIp 


No after effects from 


1/2 1 2 3 4 5 
99.7 99.2 98.4 99.0 99.9 100.4 
+ + + + + tb 
0.156 0.209 0.20 0.206 0.204 0.156 
100.8 100.2 99.1 99.9 100.8 100.4 
+ + + + + + 
0.144 0.118 0.127 0.191 0.163 0.106 
100.4 99.5 99.7 100.3 100.8 100.3 
+ + + + + + 
0.244 0.290 0.226 0.314 0.219 0.162 
99.1 99.4 100.9 1009 100.7 100.6 
+ + + + + + 
0.160 0.191 0.188 0.148 0.172 0.150 
100.4 100.2 101.1 101.0 100.7 100.7 
+  s + + + + 
0.148 0.141 0.113 0.115 0.108 0.1538 
100.6 100.9 101.4 100.7 100.9 100.6 
+ + + + + + 
0.240 0.160 0.236 0.310 0.316 0.200 
101.0 100.7 99.3 99.1 99.1 99.3 
+ + + + + 
0.158 0.133 0.158 0.185 0.217 0.176 
101.3 100.9 99.6 99.6 99.7 99.9 
+ + + + + + 
0.157 0.162 0.207 0.110) 0.137 0.12 
100.3 100.1 99.5 99.4 99.4 99.3 
+ + + + + + 
0.177 0.186 0.215 0.158 0.126 0.234 
101.4 101.6 101.4 101.1 100.9 100.7 
+ + + + + + 
0.1990 0.183 0.151 0.165 0.176 0.172 
101.4 101.8 101.6 101.4 101.1 101.2 
+ + + + + + 
0.158 0.126 0.126 0.133 0.158 0.135 
100.8 1009 100.5 1006 100.0 99.9 
+ + + + + + 
0.460 0.479 0.384 0.260 0.309 0.286 


= = 
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It was observed that SAM was the least potent, 
most rapid in onset, and had the briefest duration of 
antipyretic activity of the three compounds tested 
(Figs. 1, 2,3). NAPAP differed from aspirin in that 
it had a more rapid onset and a briefer duration of 
action. NAPAP and ASA were equally potent, 
for 100 mg./Kg. of either compound returned the 
temperature of the febrile rats to the prefebrile 
readings (see Table III). 

Since toxic manifestations or side effects are al- 
ways of importance in the final evaluation of a 
drug, a comparison of the ratio of the minimal 
neurological deficit doses (TD) to the minimal 
antipyretic dose (min. ED = the lowest dose which 
reduced the temperature of febrile rats to approxi- 
mately normal; TD »/min. ED) reveals: NAPAP = 
342/100 = 3.42; SAM = 82/150 = 0.54; ASA = 
312/100 = 3.12. 


ofp 


TEMPERATURE, 


0 1 2 3 4 5 
TIME AFTER DRUG ADMINISTRATION (HOURS) 
Fig. 1.—Antipyretic activity of 100 mg./Kg. of 
NAPAP, SAM, and ASA. QO——O = Fever con- 
4——-A = NAPAP, X———X = SAM, @e——-e 
= ASA. 


Anticonvulsant Activity. 
of the LDw of NAPAP, SAM, and ASA were in- 
effective in abolishing the hind limb extensor com- 
ponent of the maximal electroshock seizures in the 
mouse. There was some indication that NAPAP 
and SAM prolonged the postictal depression while 


Doses as large as 25° 


aspirin was without any apparent effect. This 
aspect of the convulsive pattern was not explored 
in greater detail in the present study. 

NAPAP, SAM, and ASA in doses as large as 
25% of the LDy did not have significant anti- 
metrazol activity. 

Prolongation of Sleeping Time.—The results of 
oral administration of NAPAP, ASA, and SAM on 
the sleeping time of pentobarbitalized mice are 
presented in Table IV. 


Epirion 


483 


In mildly sedating doses, NAPAP significantly 
prolonged the sleeping time of pentobarbitalized 
mice while ASA had no significant activity. 

Salicylamide had some action in prolonging the 
sleeping time. However, the dose required to ob- 
tain this effect was lethal to 50% of the animals. 


° 


TEMPERATURE, 


0 1 2 3 4 5 
TIME AFTER DRUG ADMINISTRATION (HOURS) 
Fig. 2.—Antipyretic activity of 125 mg./Kg. of 
NAPAP, SAM, and ASA. ——©O = Fever con- 
trols, = NAPAP, X———X = SAM, @——-® 
= ASA. 


TEMPERATURE, 


97 4 i 
0 1 2 3 4 5 
TIME AFTER DRUG ADMINISTRATION (HOURS) 
_ Fig. 3.—Antipyretic activity of 150 mg./Kg. of 
NAPAP, SAM, and ASA. QO——O = Fever con- 
trols, A——-A = NAPAP, X--——X = SAM, e——e 
S. 
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Errect OF ORALLY ADMINISTERED N-ACETYL-P-AMINOPHENOL, SALICYLAMIDE, AND ACETYL- 
SALICYLIC ACID ON THE SLEEPING TIME OF PENTOBARBITALIZED MICE 


No 


Dose LD», Increase Symptoms Prior to 
Compound Mice mg./ Kg Over Controls, % P Value Pentobarbital Na 
NAPAP 10 335.0 5O 56.75 <0.01 Sedation 
NAPAP 10 167.5 25 36.8 >0.02—-<0.05 Sedation 
NAPAP 10 100.5 15 2.1 >0.05 None 
SAM 10 795.0 50 54.6 0.01¢ Ataxia, ptosis 5/10 died 
SAM 10 397.5 25 13.2 >0.05 Ataxia, ptosis depression 
SAM 10 238.5 15 —9.0 >0.05 Ataxia, sedation 
ASA 10 395.0 5O —2.35 >0.05 Sensitive to noise 
ASA 10 197.5 25 23.27 >0.05 None 
ASA 10 118.5 15 1.5 >0.05 None 


* Computed on the basis of the five remaining animals 


Respiratory Effects.—The results are summarized 
in Table V. Respiratory rates and tidal volumes 
were virtually unchanged by NAPAP and only 
slightly increased by SAM. In contrast, the most 
obvious effect of ASA was on respiratory rate. 
ASA induced a marked increase in rate which be- 
came prominent in approximately four hours and 
increased sharply for the next two hours to a peak 
of 522% of control. Tidal volume increased pari 
passu with the rate indicating that the primary re- 
spiratory effect of ASA was a change in rate. The 
maximum increase in respiratory exchange at six 
hours was 532% of control. Tidal volume, respir- 
atory rate, and heart rate increased gradually and 
moderately for the first three hours. At approxi- 


mately four hours after ASA all three measurements 
began to show a sharp increase that extended over 
the next two hours. 


Cardiovascular Effects.NAPAP produced a 
small but consistent rise in blood pressure in contrast 
to SAM and ASA both of which caused a decline in 
pressure. At the end of six hours dogs receiving 
NAPAP had the same heart rate as their controls 
while SAM evoked an 8% and ASA a 77% increase 
in rate. Rectal temperature was decreased 1.3°C. 
by NAPAP, increased 0.8°C. by SAM and increased 
more than 4°C. by ASA. The elevation in temper- 
ature induced by ASA began about one and one- 
half hours after the drug and followed a steadily ris- 
ing course for the duration of the experiment. 
NAPAP was the only one of these agents that pro- 
duced its customary depression of temperature at 
these high dose levels. Blood pH values did not 
vary markedly nor correlate well with other obser- 
vations. The values remained within the normal 
range for dogs throughout the experimental period 


V.—CoMPARATIVE RESPIRATORY AND CARDIOVASCULAR OF N-ACETYL-P-AMINOPHENOL, 
SALICYLAMIDE, AND ACETYLSALICYLIC AcID* 
Hr. After B.P H. Rate Rectal Temp Resp. Rate Tidal Vol Blood 
Drug Inj mm. Hg per Min "c per Min Control, % pH 
N-Acetyl-p-aminophenol, 250 mg./Kg. intragastric 
Control 127 146 36.7 23 100 7.40 
1 142 162 36.0 30 132 7.44 
2 148 155 35.5 26 98 7.50 
3 151 154 35.4 20 95 7.46 
4 151 147 35.5 19 112 7.44 
5 149 144 35.9 24 136 7.46 
6 143 148 36.3 22 125 7.44 
Salicylamide, 250 mg./Kg. intragastric 
Control 138 160 37.2 30 100 7.42 
l 132 153 36.8 27 91 7.39 
2 130 151 36.8 27 95 7.46 
3 129 157 37.1 29 93 7.46 
4 129 154 37.5 31 127 7.42 
5 128 162 37.8 33 129 7.30 
6 123 173 38.0 34 163 7.40 


Control 147 144 7 

l 141 154 37.2 27 145 7.42 
2 140 170 38.1 29 180 7.46 
3 145 180 39.0 33 218 7.43 
4 134 195 39.8 41 264 7.42 
5 125 222 40.5 69 390 7.38 
6 116 253 41.1 OF 5382 7.41 


@ Mean values from 5 dogs on each drug 


| 
Acet ili ic Acid, 250 mg Kg. intrag trn 
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(19). In the isolated heart studies the effects of the 
three drugs at a constant dose of 2 mg. total were 
compared as to heart rate, myocardial contraction, 
and coronary flow. ASA produced a definite de- 
pression of contraction, a slight reduction in heart 
rate, and a moderate decrease in coronary flow. 
SAM elicited a depression of contraction, an in- 
crease in coronary flow, and no change in heart 
rate. NAPAP slightly increased myocardial con- 
traction, caused a moderate increase in coronary 
flow, and a slight increase in heart rate. These 
data are summarized in Table VI. 


Taste VI.—Maximum Errects or N-ACETYL-P 
AMINOPHENOL, SALICYLAMIDE, AND ACETYLSALI- 
Acip on Cat HEaRTS* 


Ampli 
tude of Coronary 
of Beat Flow in H.R 
Control, Control, Beats 
% % Min 
NAPAP 2 137 +6 
Salicylamide ‘ 191 +2 
Acetylsalicylic 
acid 2 84 —4 


® Mean of 5 experiments 


Change 


DISCUSSION 


It was difficult to compare the LDy values ob- 
tained for NAPAP, SAM, and ASA in this labor- 
atory with those of other investigators. The ex- 
perimental conditions utilized in the different labor- 
atories varied as to animal weight, age, sex, and nu- 
tritional state or the experimental background of 


Taste VII.—ReEporRTED 


ScrENTIFIC EDITION 


VALUES FOR N-ACETYL-P-AMINOPHENOL, 
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the tests were uncertain. Listed in Table VII are 
the toxicity values and conditions under which the 
tests were conducted as reported by several authors. 

The antipyretic activity of NAPAP (6), SAM (9, 
10), and ASA (10) have been reported by several in- 
vestigators. However, a survey of the literature 
does not reveal a comparative study of NAPAP, 
SAM, and ASA under the same experimental con- 
ditions. 

The results of NAPAP antipyretic activity as re- 
ported by Boreus and Sandberg (6) and those 
found in this laboratory are similar as to time of on- 
set and duration: onset, 0.5-1.0 hour; duration 
of 34 hours. 

The tests completed in this laboratory have shown 
that SAM had a very brief antipyretic activity. 
The onset of this activity occurred within one-half 
hour after administration and had completely dis- 
appeared within two hours. Furthermore, SAM 
produced a neurological deficit in doses below the 
minimum effective antipyretic dose. This has not 
been reported by other observers in their antipyretic 
studies. The failure to notice this toxicity might 
be the result of the physical state of the animals, 
for during the febrile period the animals remain 
relatively inactive which tends to mask signs of 
mild toxicity, e.g., ataxia, central depression. There 
is a difference in the minimum effective dose of SAM 
as reported by Bavin (9) and Buller (10) and that 
determined in this laboratory. Those authors re- 
ported that 50 mg./Kg., perorally, had a brief but 
observable antipyretic effect. The lowest minimal 
antipyretic dose observed in our studies was 150 
mg./Kg. The cause of this difference is unknown; 
however, it might be attributable to the difference 
in the fever-producing agent, strain of the rats or 
the greater predrug temperature produced by their 
pyretic agent as compared to ours. 


SALICYLAMIDE, AND ACETYL- 


SALICYLIC ACID 


No of 
Animals 
Used per 

Dose Level 


Nutritional 
Status, 
F = fasted 


F—18 hr. 
? 


> 
? 


Mouse 
Mouse 


Rat 182 total 


Rat 
Rat 
Rat 
Rat 


* Approximate L Dw values. 


LDw mg./Kg 

with Toxicity 

Observation 
Period 


3200°*—48 hr. 
1590—4 day 
1400°—48 hr. 
1400—48 hr. 
1830°—24 hr. 


Remarks 
Clark (24) 
Bavin (9) 
Hart (20) 
Hart (20) 
Unchanged at 7 days 
Ichniowski (22 
Male & Female- 
Wistar Way (25) 
Male animals used 
Bavin (9) 
Male animals used 
Hart (20) 
1 animal /cage 
Temp. 78-80° F. 
Male Wistar rats 
Eagle & Carlson (21) 
Hart (20) 
Ichniowski (22) 
Ichniowski 
Grass (23) 


1200—48 hr. 

1300—4 day 

1100*—48 hrs. 
120-200 1360—7 day 


1500—48 hr. 
1850*—24 hr. 
1100*—7 day 
1750*— 


= 

Weight, 
Drug Species Gm 
NAPAP Rat 2-3 250-350 
SAM Mouse 10-20 18-25 
15 
Rat | 15 
Rat 15 
Rat ? 
ASA F 5 
? 15 
15 
? 15 
? 15 
? 
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The antipyretic activity of ASA was quite similar 
to that reported by Buller (10): maximum activity 
around two hours, duration of action > four hours 
and a minimum oral antipyretic dose of 100 mg./Kg 

These findings correlate well with the effective 
blood levels of NAPAP,SAM_ and ASA recently de- 
termined by Weikel (26). This author showed 
that in humans free SAM, the active antipyretic 
substance, was rapidly conjugated. This appar- 
ently accounted for its brief duration of antipyretic 
activity. NAPAP differed in that its unbound 
active form was detectable in the plasma within one 
hour and was well maintained for approximately 
five hours. ASA took longest to obtain its maxi- 
mum effect due to the longer time required to ob- 
tain peak plasma and tissue levels. 

It was unexpected that NAPAP was capable of 
prolonging the sleeping time of pentobarbitalized 
mice in moderately depressant doses while SAM was 
inactive except at a dose which was fatal to '/; the 
animals. It has been observed by this laboratory 
and others (27) that SAM is capable of producing 
hypnosis in nonlethal doses while NAPAP had this 
activity only in lethal doses. Because of the dif- 
ference in hypnotic activity of the two compounds 
it would be expected that SAM would be synergetic 
with pentobarbital more readily than NAPAP. 
The reason for the lack of prolongation by SAM can- 
not be explained with our present knowledge. 

The findings of this laboratory on respiratory ef- 
fects are difficult to compare with the literature 
since most previous work dealt with intravenous 
doses of sodium salicylate or with oral doses of ASA 
in unanesthetized animals. The delay of four hours 
in onset of polypnea with ASA is somewhat sur- 
prising in view of other reports indicating that re- 
spiratory effects occurred rather promptly (28-32). 
Although there was a small increase in depth of 
respiration, the major portion of the increase in 
respiratory exchange with ASA was due to the in- 
crease in rate. In agreement with Wright (33) and 
Graham and Parker (31) it was found that bilateral 
vagotomy performed during the period of polypnea 
from ASA would eliminate most of the stimulation 
and bring respiration to near normal, suggesting 
the possibility of a central reflex stimulation over 
vagal afferents 

These data indicate clearly that ASA had far 
more respiratory effects than the other two anti- 
pyretics. There was no marked change in respir- 
atory rate or tidal volume with NAPAP or SAM. 

The experimental and clinical literature barely 
mentions the effect of ASA on heart rate. Graham 
and Parker (31) gave a rather complete list of clini- 
cal symptoms in salicylate poisoning, but did not 
list tachycardia. It is apparent from data re- 
ported here that there was a marked tachycardia 
associated with ASA poisoning, the development 
of which paralleled that of the respiratory changes. 
Only minor fluctuations in heart rate were found 
with NAPAP and SAM. 

References to the direct effect of salicylates on 
the myocardium are scarce. Clark (24) reported 
that doses of NAPAP from 2 to 25 mg. had little 
effect on contraction or heart rate in isolated rabbit 
hearts, although it did produce a significant increase 
in coronary flow. Data obtained in cat hearts con- 
firm Clark’s report for NAPAP and establish ASA 
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as being the most depressant to the myocardium 
with SAM next. The actions of ASA and NAPAP 
are contrasted by the fact that the former produced 
a definite depression while the latter caused a mild 
increase in all 3 parameters studied (Table VI). The 
greater myocardial toxicity of ASA was illustrated 
by the death of two out of five isolated heart prep- 
arations from a 2-mg. dose. Coronary flow in- 
creased to 137% of control with NAPAP without 
important changes in heart rate or myocardial con- 
traction. Interpretation of the increased flow with 
SAM was complicated by the myocardial depression 
which accompanied it. From these data it would 
appear that there is little danger of myocardial 
effects from NAPAP while cardiac depression must 
be considered as a possibility with toxic amounts 
of SAM and ASA. 


SUMMARY 


1. Acute toxicity studies on the three anti- 
pyretic agents, N-acetyl-p-aminophenol (NA- 
PAP), salicylamide (SAM), and acetylsalicylic 
acid (ASA) revealed that NAPAP was the least 
toxic (LD) in rats and guinea pigs while SAM 
exhibited the least toxicity in mice. 

2. A neurological deficit (TD) was produced 
by SAM at lower doses than NAPAP and ace- 
tylsalicylic acid (ASA) in rats and mice. 

3. All three compounds produce an initial 
CNS depression. Only NAPAP failed to pro- 
duce convulsions at higher dose levels. 

4. NAPAP and ASA were approximately 
equivalent in potency and more effective than 
SAM as antipyretic agents. 

5. The antipyresis produced by NAPAP was 
more rapid in onset than that of ASA but did not 
have as long a duration of action. 

6. Consideration of the minium neurological 

dosew/effective antipyretic dose indicated that 
NAPAP and ASA had a wider margin of safety 
than SAM. 
7. NAPAP prolonged the sleeping time of 
pentobarbitalized mice in nonlethal doses. In 
contrast, SAM was effective only in doses which 
killed 50% of the animals. ASA had no demon- 
strable effect on sleeping time. 

8. NAPAP, SAM, and ASA were ineffective 
as anticonvulsants. 

9. ASA _ produced tachycardia, pyrexia, 
marked polypnea, and an increase in tidal volume 
of over 500% of control. 

10. NAPAP and SAM induced little change 
in blood pH, tidal volume, respiratory rate, or 
heart rate. 

11. Myocardial depression was seen with 
ASA and SAM, but not with NAPAP. 

12. NAPAP produced a moderate increase 
in coronary flow without a significant change in 
force of beat or heart rate. 
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Amberlite Resin XE-88 as a Tablet Disintegrant* 


By N. J. VAN ABBE and J. T. REES 


The characteristics of Amberlite Resin XE-88 are described and experimental results 


are given to illustrate its use as a tablet disintegrant. 


Amberlite XE-88 is effective, 


in certain cases, at lower levels than are needed with maize starch; the action is rela- 
tively unaffected by magnesium stearate or by prolonged storage. 


TABLETS are convenient for the 
administration of medicaments in correct 
dosage but, since they are often swallowed whole, 
it is essential to make sure either that solution 
occurs rapidly in the digestive juices or that the 
tablets break up into small fragments. Further, 
the active constituents need to be made avail- 
able for absorption at an appropriate time during 
passage through the alimentary canal. 

When the constituents of a tablet are such 
that rapid solution does not occur, a substance 
known as a disintegrating agent or disintegrant 
has to be included in the formula; the tablet 
then breaks up into relatively fine particles in 
water or gastric juice. Varieties of starch 
(maize, potato, arrowroot, rice) are widely used, 

° Received October 21, 1957, from the Pharmaceutical 
Development Department, Genatosan Limited, Loughbor 
ough, Leicestershire, England 

The authors wish to acknowledge the work of Mr. A. R 
Webster in the a stages of this project and the technical 
assistance of Mr. K. R. Bramley, and to thank the Directors 
of Genatosan Limited for permission to publish the results 


The work reported in A. s paper is the subject of British 
Patent Patent No. 791,2 


though many other potential disintegrants have 
been described (1-4). Laboratory examination 
of a variety of substances suggested that ion- 
exchange resins would have disintegrant proper- 
ties. 

A considerable field of usage for synthetic ion- 
exchange resins has developed since 1935; how- 
ever, the property of exchanging cations or anions 
is not relevant to the present work except from 
the standpoint of compatibility with other tablet 
ingredients. The present study was confined to 
resins already used in medicine, as it was known 
that the proposed dosages would exhibit negli- 
gible pharmacological effects (5-7). The choice 
was also limited to those resins which were not 
strongly colored and which were obtainable in a 
state of fine subdivision. 

Of those resins tested, best results were ob- 
tained with Amberlite XE-88,' the potassium 
salt of a carboxylic resin. 


‘Supplied by Chas. Lennig & Co. Ltd., London. 
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This was obtainable as a fine, cream-colored 
powder with a very faint odor; the dry powder 
was almost tasteless though aqueous dispersions 
were rather bitter. A 10% suspension in water 
gave a substantially neutral reaction. The loss 
on drying at 105° for four hours was about 5% 
and the ash figure approximately 30%. Water 
and 95% alcohol-soluble extractives were below 
0.2%; the arsenic and lead limits were 1 p.p.m. 
These characteristics 
indicated that Amberlite XE-88 was suitable for 


and 5 p. p. m. respectively. 
incorporation into many tablet formulations. 


EXPERIMENTAL 


Many variables influence the rate of tablet dis- 
integration; Holstius and DeKay (3), in a statistical 
study, demonstrated a three-way interaction be- 
tween active constituents, binding agent and dis- 
integrant. Other factors are granule size and po- 
rosity, the nature and amount of lubricant, and the 
degree and speed of compression. Investigation 
into the disintegrant properties of Amberlite Resin 
XE-88 was necessarily specific to the materials and 
formula employed and, while some of the conclu- 
sions would be of general application, it was not 
possible to foresee all the circumstances that might 
apply in practice 

Since disintegration time depended upon the de- 
gree of compression, it was anticipated that various 
disintegrants might be compared by graphical rep- 
resentation of mechanical strengths and disintegra- 
tion times, recorded over a range of pressure adjust- 
ments; thus, Gross and Becker (2) had compared 
disintegration times by extrapolation to a “‘stand- 
ard” mechanical strength. In a long series of ex- 
periments, the present authors failed to demonstrate 
any simple relationship of this kind and eventually 
chose to compare the disintegration times of tablets 
compressed within a narrow range of mechanical 
strength that would be typical for the particular 
formulations 

Standardized Conditions of Experiment.—(c) 
Each series of tablet batches was derived 
from a large quantity of granules, processed as a 
single batch. The disintegrants were added to 
separate portions along with the lubricant. (0) 
Disintegrants were dried to a moisture con- 
tent not exceeding 6%. (c) All tablets were com- 
pressed on a motorized, single-punch Manesty 
Type-E Press. (d) Disintegration times were de- 
termined by the method of the 1955 Addendum to 
the British Pharmacopoeia 

Table I records an experiment in which calcium 
phosphate B. P., which is frequently employed as an 
inert diluent in tablets, was selected as a typical 
insoluble constituent; it was moist granulated with 
the aid of a carefully gelatinized 6% starch paste. 
No. 14 mesh granules were produced, the “fines” 
being separated on a No. 40 mesh. According to 
the amount of disintegrant used, an appropriate 
quantity of “‘fines’’ was replaced in the granulation 
so that all tablets were derived from mixes contain- 
ing similar proportions of material passing No. 40 
mesh. Tablets were compressed at 0.5 Gm. theo- 
retical weight and 7/\¢ inch diameter. 
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TABLE I —CoMPARISON OF AMBERLITE RESIN XE-88 
AND MAIZE STarcH IN CALcrum PHOSPHATE TaB- 


LETS 
Mon 
santo Disintegra 
Hard thon 
Batch % ness Time,>.¢ 
No.@ Disintegrant w/we Sec 
1 None 6.0 >3600 
2 Maize Starch 3.0 6.6 >3600 
3 Maize Starch 6.0 7.0 1550 
4 Maize Starch 9.0 5.9 527 
5 Maize Starch 12.0 6.0 307 
6 Amberlite 1.5 6.7 >3600 
XE-88 
7 Amberlite 3.0 6.6 1162 
XE-88 
8 Amberlite 6.0 6.9 152 
XE-88 
Amberlite 12.0 5.7 21 
XE-88 


* Experimental batches of 0.5-Gm. tablets of calcium 
phosphate B. P 

+ “Hardness” and disintegration results are given as the 
mean derived from two batches. ““Hardness’’ figures repre 
sent the average of 20 readings, disintegration times are the 
average of 6 readings taken at time of manufacture 

© Magnesium stearate: 0.25% w/w (throughout). 

4 Guided disks used. 


The disintegration times were determined on 
batches of tablets compressed within a Monsanto 
“Hardness” range of 5.5-7.2 Kg. An exact numeri- 
cal expression of the relative efficacies of maize 
starch and Amberlite XE-88 could not be derived 
from these results, but comparable disintegration 
times were obtained when these substances were 
used in the ratio of approximately 2.3:1. 

In the experiment recorded in Table II, phenobar- 
bitone B. P. (0.032 Gm. per tablet) was formulated 
to yield tablets of 0.065 Gm. theoretical weight, com- 
pressed at */s: inch diameter. Lactose was used as 
diluent and 10° gelatin mucilage was employed to 
produce granules at No. 16 mesh. The “‘fines’’ were 
not removed 

Table II shows the results obtained with varying 
levels of lubricant. With maize starch, the dis- 
integration time rose abruptly at high levels of lubri- 
cant; when Amberlite XE-88 was used, there was 
no pronounced increase. It is also noteworthy that 
relatively firm tablets could still be produced on the 
light duty press, when high levels of magnesium 
stearate were used in conjunction with Amberlite 
XE-88 as disintegrant. 

The tablets of phenobarbitone were subjected to a 
storage test under laboratory and “‘tropical’’ condi- 
tions for twelve weeks. Specimen tubes were both 
cotton plugged (to allow free passage of moisture 
vapor) and fitted with waxed corks (to prevent 
moisture vapor transmission). Pharmacopeial as- 
says for phenobarbitone performed before and after 
storage revealed no significant change in any of the 
tests. 

Table III shows that there were no marked 
changes in disintegration times in any of the sets of 
conditions 


DISCUSSION 
The properties of Amberlite Resin XE-88 which 


have emerged from the experimental work recorded 
above, may be considered as follows: 


= 
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TABLE II 

Batch 
No.* Disintegrant mg 
1 Maize Starch 6 
2 Maize Starch 6 
3 Maize Starch 6 
4 Amberlite X E-88 2 
5 Amberlite XE-88 2 
6 Amberlite XE-88 2 
7 Amberlite X E-88 4 
8 Amberlite XE-88 4 
9 Amberlite XE-88 4 
10 Amberlite X E-88 8 
11 Amberlite X E-88 8 
12 Amberlite XE-88 8 


+ Determined by shaking test (9) 
Taken at time of manufacture 


Taste III 


Magnesium 
Stearate 
mg./Tab 


45 


Disintegrant 
Maize starch 


Amberlite XE-88 


+ Normal laboratory conditions (dark cupboard) 
¢ Cabinet maintained at 37 
for short period 

4@ Glass specimen tubes 3 in. x | in 
* Glass specimen tubes, 3 in. x 1 in 


In the presence of a considerable proportion of 
water-insoluble constituents, the inclusion of 5-15% 
w/w of Amberlite Resin XE-S88 yielded tablets 
having disintegration times well within the accept- 
able limits but of adequate mechanical strength 

These properties as a disintegrant did not seem to 
be unduly sensitive to the presence of a hydrophobic 
lubricant such as magnesium stearate. No marked 
increase in disintegration time occurred during stor- 
age 

The literature showed that Amberlite Resin XE- 
88 would not have any pronounced physiological 
action in the dose levels considered and was certainly 
nontoxic 

Except that exchange of cations might be antici- 
pated in certain instances, Amberlite XE-88 would 
be chemically compatible with the usual therapeutic 
agents used in tabletting. 

There was no significant effect upon the appear- 
ance, odor or taste of the tablets, either initially or 
after storage, and the requisite proportions did not 
unduly increase the size. 

While these general conclusions are supported by 
the evidence contained in this paper, it would be 
imprudent to expect the same results in all circum- 
stances; likewise, it would be incorrect to attempt 
a quantitative comparison with conventional dis- 
integrants, such as the starches, for general applica- 
tion. However, it does seem that Amberlite Resin 
XE-S88 may be effective in a lower percentage than 
maize starch and its efficacy is likely to be main- 
tained even when a high proportion of hydrophobic 
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COMPARISON OF AMBERLITE Resin XE-88 AND Maize STARCH IN PHENOBARBITONE TABLETS 


Disintegration 


Magnesium 

Stearate, Loss in ime, 
Tab mg/Tab Wt., Sec.¢ 
5 0.45 0.82 85 
5 0.95 0.86 120 
5 2.25 0.89 765 
0 0.45 0.65 55 
0 0.95 0.42 70 
0 2.25 0.44 135 
0 0.45 0.70 45 
0 0.95 0.48 55 
0 2.25 0.45 75 
0 0.45 0.82 55 
0 0.95 0.62 50 
0 2.25 0.68 60 


* Experimental batches of 0.065-Gm. tablets of phenobarbitone B. P 
A high level of mechanical strength is indicated by a low 


EFrrect OF STORAGE ON DISINTEGRATION TIME* 


* Storage-test results on some of the batches of phenobarbitone tablets shown in Table II 


0.032 Gm. per tablet 


reading in this test 


Disintegration Time, Sec 
After 12 Weeks 
Laboratory? Tropical’ 


Cotton Waxed Cotton Jaxed 

Initially plugged 4 Cork¢ plugged@ Cork ¢ 
85 60 80 60 150 
120 8O 120 225 210 
765 660 550 780 570 
45 25 55 35 SO 
55 35 55 35 90 
35 5f 95 


90% R. H. for 18 hrs. daily, temperature falling to ambient for 6 hrs. and R. H. rising to 100% 


. with absorbent cotton plugs 
, with externally paraffin-waxed corks 


lubricant is present. This suggests that it might be 
particularly useful in compositions with a severe 
tendency to adhere to the punches of a tablet press. 

It is possible to offer an explanation of the dis- 
integrant activity of resins such as Amberlite X E-88, 
by reference to the fact that swelling often occurs 
when they become hydrated. Many substances 
exhibit a similar swelling characteristic but do not 
function satisfactorily as disintegrants. It is sug- 
gested that an essential feature of a tablet disinte- 
grant is that, in the swollen state and at tempera- 
tures up to 37°, it must not be readily soluble or act 
as an adhesive; it has often been noted that gums 
have functioned poorly in this connection probably 
because, when hydrated, they tended to stick the 
particles of a tablet together. lon-exchange resins, 
while having a swelling effect, do not dissolve or have 
any adhesive tendency. 
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Study of Stability of Sulfadiazine Sodium Injection III.* 


longed storage. 


An Investigation of Degradation Products of Sulfadiazine Sodium 


By CHARLES J. SWARTZ} and JOHN AUTIAN} 


Solutions of sulfadiazine sodium undergo discoloration and precipitation on pro- 
In this study, the nature of the coloration and precipitation has 


been investigated utilizing infrared and ultraviolet spectroscopic data together with 


chemical procedures. 
intermediate oxidation products. 


The coloration was believed to be composed of sulfanilic-type 
The precipitate was ascertained to 
cipally sulfadiazine contaminated with trace quantities of oxidized materials. 


prin- 
Ex- 


perimental evidence is presented to support the above assumptions concerning these 


ly PREVIOUS WORK (1, 2), Hom and Autian 

studied the solubility of sulfadiazine sodium 
as a function of pH in several solvent systems 
as well as studying the stability of these for- 
mulations. The primary products of deteriora- 
tion, detected by the coloration and precipi- 
tation which form on long standing in sulfadia- 
zine sodium injections, were still unknown. 

Numerous investigators (3-5) have studied 
oxidized or other degradated materials from 
various sulfonamide solutions but little infor- 
mation concerning sulfadiazine sodium was in- 
cluded. 

It was furthermore felt that a quantitative 
study of the deterioration might shed further 
light on the process which has been concluded to 
be one of oxidation(3). Therefore, a study em- 
ploying five distinct measurements of activity 
was initiated on samples stored in diffused 
light at room temperature (20-24°) and those 
stored at 60.0 + 0.1° in an oven. This study 
extended over a one hundred day period. 


EXPERIMENTAL 


Investigation of Precipitate.—Precipitated mate- 
rial from the deteriorated ampuls was separated by 
filtration and subsequently washed with several 
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portions of distilled water. The precipitate was 
then dried in an oven at 80°. Melting point de- 
termination showed a range of 250-254°! compared 
to sulfadiazine which melted at 255-256°.' This 
material was then subjected to infrared spectros- 
copy employing the “potassium bromide disk” 
technique which is particularly applicable to the 
study of minute quantities of insoluble solids. Re- 
sults of this study are demonstrated in Figs. 1 and 
2. Ultraviolet spectra were also prepared in the 
range of 215 to 320 my on samples containing 5.0 mg. 
of the precipitate dissolved in one liter of a buffered 
aqueous solution (pH 7.0). A spectrogram was 
taken in order to check for the possible presence of 
heavy metal contaminants in the precipitate. It 
was felt that the metal might be carried over in trace 
amounts to the refined drug from the manufactur- 
ing processes. A Bausch and Lomb Littrow Spec- 
trograph was utilized for this analysis. 

Separation and Identification of Colored Material. 
—The intense brown color present in the solutions 
was isolated employing a Soxhlet extractor. The 
solutions were prepared for extraction by filtration, 
followed by subsequent evaporation to dryness in a 
forced draft oven at 80°. The resulting solid was 
stored in vacuo over phosphorous pentoxide in a 
desiccator. This highly pigmented residue was sub- 
jected to a continuous extraction by absolute 
methanol using the Soxhlet equipment and the 
alcohol then evaporated. The oily product was then 
returned to the Soxhlet for further extraction with 
ether. The product obtained at this point was a 
deep yellow-colored oil which was not immediately 
crystallizable. Peak absorbances for this oily 
material were demonstrated in the ultraviolet and 
visible spectra at 260 my and 530 my respectively. 
An infrared spectrum was obtained from the oil, 
by preparing a smear from which the spectrum was 
recorded (Fig. 3). After a number of weeks of stor- 
age in a refrigerator, the appearance of some fine 
crystals in the oil was observed. 

One Hundred Day Study of Degradation.—A sta- 
bility study of 1% solutions of sulfadiazine sodium 
in a borate buffer system varying in pH from 8.5 
to 10.0, at increments of 0.5 pH units, was initiated. 


! Uncorrected temperatures. 
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Fig. 1.—Infrared absorption spectrum of sulfadiazine. 
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Fig. 2.—-Infrared absorption spectrum of precipitate from solution 
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4000 =. 3000 2000 1600 1400 1200 1000 900 800 
WAVE NUMBERS IN CM." 
Fig. 3.—Infrared absorption spectrum of yellow oil extracted from degraded solutions. 


The samples were placed in 20-ml. clear glass am- by three different procedures. The official nitrite 
puls Type 2 and sealed in the presence of air. One- assay for sulfadiazine sodium (6) was employed to 
half of the ampuls were kept at room temperature detect the benzylamino group. A nonaqueous 
(20-24°) in diffused light, while the other half were _ procedure for the determination of the SO,NH group 
stored in an oven at 60.0 + 0.1°. developed by Fritz and Keen (7) was adapted and 

At ten-day intervals, the samples were analyzed utilized as the second method of analysis, A colori- 
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metric procedure was employed as a third quanti- 
tative technique and was based upon the work of 
Shepard (8). This method depends upon the reac- 
tion of sulfadiazine with 2-thiobarbituric acid to 
form an intensely colored complex specific for the 
aminopyrimidine moiety. Hydrogen ion concen- 
trations were obtained by the use of a Beckman 
Model H2 Glass Electrode pH Meter. Per cent 
transmission of the samples was determined and 
the color compared to that of freshly prepared solu- 
tions at 520 mg on the Beckman Model C Colori- 
meter (Fig. 4). 

Results of this study at 60° are summarized in 
Table I At room temperature, there was no meas- 
urable degradation after one hundred days. 


TRANSMISSION 


or 


4 i 
40 60 80 
TIME IN DAYS 


Fig. 4.—-Appearance of color in ampuls of sulfa- 
diazine-sodium (1%) at various pH’s stored at 60°. 
A = pH 10.0, B = pH 9.5,C = pH 9.0, D = pH 8.5. 


DISCUSSION 


Careful examination of Fig. 2 shows that it differs 
little from the spectra of pure sulfadiazine (Fig. 1). 
In addition, examination of ultraviolet data gives 
further credence to the above observation. The 
spectrophotometric evidence indicates that the 
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precipitate is composed of at least 99% sulfadiazine. 
This precipitation of the free acid is not unusual for 
salts of weak acids under the conditions of higher 
concentrations. Even though the hydrolysis 
equilibrium : 


A~ + HOH = OH~ + HA 


greatly favors the salt form, a small amount of the 
insoluble acid will be present in solutions of high 
concentration and will appear as a precipitate. A 
minute quantity of the colored oxidation products 
are separated with the sulfadiazine possibly due to 
an adsorption phenomenon. The depressed and ex- 
tended melting range of the precipitate substantiates 
this statement. The spectrogram was completely 
negative in regards to metallic contaminants in the 
sulfadiazine powder. 

Examination of the infrared spectrum of the ex- 
tracted oil indicates that it consists of intermediate 
oxidation products which have already been cleaved 
from the pyrimidine portion of the molecule. In 
the region of 800, 1000, and 1500 cm.~', the ab- 
sence or very minimum appearance of absorption 
peaks shows that the pyrimidine moiety is no longer 
present. On the other hand, the spectrum most 
resembles sulfanilamide in character. There are 
thirteen absorption peaks in the spectrum of the 
oil which are identical with those found for sulfanil- 
amide. Maxima at 1250, 1450, and 1735 cm. 
which do not correspond to sulfanilamide configu- 
ration approximate the maxima observed in sulfa- 
nilic acid at these points. The presence of only 
one absorption maximum, at 260 my, in the ultra- 
violet spectrum also demonstrates the disappear- 
ance of the pyrimidine ring in the molecule. These 
experiments would seem to indicate that the oil is 
composed chiefly of a mixture of sulfanilic-type com- 
pounds which are, themselves, in the process of 
undergoing further oxidation. Careful analysis of 
the spectra points to the possible formation of 
quinoid-like products. Further work, however, is 
necessary to verify these assumptions. 

The numerous analytical procedures demon- 
strated that, although a color was formed in solu- 
tions of sulfadiazine sodium, the degradation in all 
cases was less than 2% at the end of 100 days 
storage. Solutions at the higher pH's showed less 
coloration and at pH 10, the deterioration of am- 
puls stored at 60° was negligible. No precipitation 
was noted in any of the ampuls probably because 
of their dilute nature. Although it has been 
demonstrated above that the pyrimidine fragment 
of the sulfadiazine sodium has been cleaved in the 
early stages of oxidation, loss of this portion of the 
molecule was not detected in the differential assays. 


Srupy or 1% w/v SuLFap1azinE Soprum SoLuTIONS Srorep For 100 Days at 60.0+0.1° 


Transmission, -——U.S.P. Assay® 
End 


Init. Init. 
100.0 
100.0 
100.0 
100.0 


0.101 
0.101 
0.100 
0.098 


9.45 


10.00 10.00 


Nonaqueous Assay® Colorimetric Assay* 

Init. End Init End 
0.101 0.098 0.097 0.096 
0.100 0.098 0.097 0.096 
0.099 0.098 0.096 0.095 
0.097 0.097 0.095 0.095 


* Assay results stated in grams sulfadiazine sodium/ 10 mi. sample. 


= 
a 
20 
Init. End 
8.50 8.50 0.099 
9.00 9 00 0.099 
0.098 
| 0.098 
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It was felt that the colorimetric assay was not suffi- 
ciently reproducible to indicate this small loss in 
potency. 


SUMMARY AND CONCLUSIONS 


This study has shown that the precipitate which 
forms in solutions of sulfadiazine sodium on stand- 
ing is substantially crystalline sulfadiazine with 
trace quantities of oxidized materials. The oxida- 
tion products, extracted as a yellow oil, were postu- 
lated to be sulfanilic-type compounds which undergo 
further oxidation to colored compounds with a 
quinoid structure. 


Analytical procedures demonstrated that degra- 
dation of the sulfadiazine sodium in ampuls stored at 
60° for 100 days was less than 2% in all quantita- 
tive procedures employed. 
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Metabolism of Labeled Acetate in 
Bryophyllum Calycinum Salisb.* 


By HERBERT LIEBERMAN,} JOHN E. CHRISTIAN, and 
EGIL RAMSTAD 


A* UNUSUAL FEATURE of the acid metabolism 

in Bryophyllum is the reported accumula- 
tion of isocitric acid in the leaves. Pucher (1) 
found 50 per cent of the total acidity in Bryo- 
phyllum calycinum Salisb. to consist of isocitric 
acid, and Bonner and Bonner (2) stated that 
approximately 94 per cent of the total acidity in 
Bryophyllum crenatum Salisb. is due to isocitric 
acid. 

An accumulation of isocitric acid above the 
concentration of citric acid is contrary to the 
equilibrium constant of the enzymatic reaction: 
citrate < isocitrate. Aconitase, the enzyme me- 
diating this transformation, establishes a mix- 
ture of citric, D-isocitric and cis-aconitic acids in 
the proportions of 80, 16, and 4 respectively (3). 

Stutz and Burris (4) offered an explanation for 
the higher concentration of isocitric acid than 
citric acid in Bryophyllum calycinum, stating that, 
if a tricarboxylic acid cycle is operative in this 
plant, the cycle is “‘sluggish.’’ A slow rate of 
reaction could be due to an inhibition of the aco- 
nitase or be the result of the presence of a small 
amount of thisenzyme. Buta “sluggish’’ opera- 
tion of the tricarboxylic acid cycle cannot ration- 
ally explain why there is more isocitric acid than 
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citric acid in this plant unless isocitric acid is 
formed prior to citric acid. 

The authors of this paper considered the possi- 
bility of the existence of a mechanism for the 
formation of isocitric acid by a route different 
from that of Krebs’ tricarboxylic acid cycle (5). 
Glyoxylic or glycolic acid was thought to con- 
dense with succinic acid to give isocitric acid di- 
rectly, but such a mechanism could not be found 
operative in Bryophyllum calycinum. However, 
information appeared in the literature during the 
course of the present investigation stating that 
certain bacteria effect a split of citric acid into 
fragments C2 and C4 (6-12). A similar cleavage 
of isocitric acid by bacteria was also reported 
(13). This cleavage does not involve the partici- 
pation of coenzyme A and has as its products 
succinic and glyoxylic acids. 

In an attempt to establish whether the Krebs’ 
tricarboxylic acid is operative or not in Bryo- 
phyllum calycinum a comparative study of the 
metabolism of C'4H;-COOH in the leaves of this 
plant and in tomato was undertaken. 


EXPERIMENTAL 


Material and Sample Size.—The leaves of 
Bryophyllum calycinum and tomato were harvested 
only on bright, sunny days, usually between 3 and 
4 p.m., and used immediately thereafter. In order 
to obtain uniform samples eight medium-sized 
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leaves from the same clon were placed on top of each 
other and dises cut with a cork borer number 3 from 
the middle of the blades, adjacent to each side of the 
midrib 

Inhibitors.—-Respiratory studies in the Warburg 
apparatus were undertaken to determine the con- 
centration of enzyme-inhibitor which must be added 
under the chosen experimental conditions to stop 
respiration in the leaves of Bryophyllum calycinum 
and tomato. Complete inhibition of respiration of 
Bryophyllum and tomato leaves was obtained by 
imbibition of the leaf with M/3 malonate or M/30 
fluoroacetate. Four conditions were tested in each 
of the two plants in the C'4H,COOH experiments, 
namely: (a) no inhibitor, (b) 1/3 malonic acid, (c) 
M/30 fluoroacetic acid, and (d) both M/3 malonic 
and M/30 fluoroacetic acid. 

Exposure.—The apparatus employed for vac- 
uum infiltration has been described in a previous 
paper (5). The plant disks used were pierced with a 
straight pin and placed into a 2-ml. test tube so that 
all disks were bathed completely by the imbibition 
fluid (5). One-half ml. of fluid completely covered 
the eight disks. 

The disks were quickly imbibed with 2-C"™ acetic 
acid and allowed to metabolize in complete darkness 
for fifteen minutes in one series, and for two hours 
in another series of experiments. 

Imbibition of 2-C'* Acetic Acid.'—The solutions 
used for the vacuum infiltration of Bryophyllum 
and of tomato contained 50 microcuries of sodium 
acetate to which were added 2 drops of 1N HCl. 
The acid solution was brought to the one-half ml. 
mark with water. 

Preparation of Autoradiograms.—The techniques 
employed for imbibition, extracation and spotting 
have been described previously (5). All samples 
were run in duplicate, and four samples were run for 
each type of solution. 

The alcohol-soluble residue was suspended in 0.3 
ml. of water. From each suspension two 50-d 
samples of the supernatant liquid were taken. The 
samples were spotted in the exact center of a What- 
man No. 1 filter paper that had been cut previously 
to a square, 38 cm. by 38cm. The diameter of the 
point of application never exceeded 8 mm. Only 
the quadrant of the paper into which the radioactive 
metabolites separated was cut out. Four of these 
quadrants were taped to a cardboard and placed on 
the film. The contact time with the film was six to 
eight months. 

Identification of the Compounds.—The identities 
of the metabolites represented in the darkened areas 
on the autoradiograms were established by compari- 
son of the metabolites’ locations with the locations 
of known substances similarly chromatographed, 
and, after elution of the spots, by cochromatograph- 
ing two-dimensionally the labeled substances with 
authentic substances. 

Generally, the activity of the radioactive spots on 
any one of the chromatograms was only about 6 
counts per minute above background when counted 
with a Q-gas counter. In order to identify the 
labeled products, identical spots from 15 sheets were 
combined. Identical spots were combined only 


1 The 2-C" acetic acid used in this work was synthesized 
by G. F. Collins and E. Ramstad (14). The specific activity 
was calculated from the available data (14) as approximately 
15.3 microcuries per mg. of sodium 2-C'*‘ acetate 
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from chromatograms which had been prepared from 
experiments with one type of imbibition fluid 


RESULTS 


Figures 1-8 show examples of the autoradiograms 
from the two-hour runs, essentially identical to 
those from the fifteen minute runs 


DISCUSSION 


The findings show that imbibed 2-C™ acetate is 
not converted to citric or isocitric acid in leaves of 
Bryophyllum. This holds true whether the experi- 
ments were performed with or without the use of 
malonic and/or fluoroacetic acid as inhibitors. 
Succinate is the most highly labeled product in 
Bryophyllum (Fig. 1-4), and pyruvic, oxalacetic, 
and fumaric acids also are labeled relatively highly. 
When fluoroacetic acid is used as an inhibitor, 
labeled citric acid is not formed in Bryophyllum 
leaves (Fig. 3) 


Il 


‘Acetate Bryophyllum no inhibitor 2 
hours. Abbreviations—aA, aspartic acid; M, malic 
acid; P, pyruvic acid; O, oxalacetic acid; § 
succinic acid; F, fumaric acid, and 52, acid ‘‘52.’ 
Solvent systems—I, water-saturated phenol; II, 
butanol-acetate acid-water (4-1-1) 


Fig. 1. 


Figures 5-8 illustrate the metabolism of 2-C' 
acetate in the control plant, tomato. In this plant 
succinic acid also appears as the first and the most 
heavily labeled substance in the experiments with 
or without enzyme inhibitors (malonic acid, and 
malonic and fluoroacetic acids together). Citric 
acid is the most heavily labeled compound produced 
in the presence of fluoroacetic acid (Fig. 7). Citric 
acid also appears labeled in tomato, although to a 
lesser extent, in noninhibited runs with 2-C'* 
acetate, but labeled citric acid is not formed in the 
experiments with Bryophyllum. 

In the experiments with 2-C" acetate in tomato, 
the presence of labeled citric and malic acids, the 
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Fig. 2.—Acetate Bryophyllum 2 hours malonate. 
Abbreviations—P, pyruvic acid; O, oxalacetic 


“52.” Solvent systems—lI, water-saturated phenol; 
Il, butanol-acetate acid-water (4-1-1). 
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Fig. 3.—Acetate Bryophyllum 2 hours, fluoro- 
acetate. Abbreviations—A, aspartic acid; M, 
malic acid; P, pyruvic acid; O, oxalacetic acid; 
S, succinic acid; F, fumaric acid; and 52, acid 
“52.” Solvent systems—I, water-saturated phenol; 
II, butanol-acetic acid-water (4-1-1). 


increase in labeling of citric acid in the presence of 
fluoroacetic acid, the formation of labeled glutamic 
acid (biogenetically related to a-ketoglutaric acid) 
are findings consistent with the existence of an 
operating tricarboxylic acid cycle in this plant. In 
the experiments with 2-C" acetate in Bryophyllum, 
however, the complete absence of labeled citric 
and isocitric acids, both in inhibited and in non- 
inhibited runs, the presence of strongly labeled 


F 
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Fig. 4—Acetate Bryophyllum 2 hours fluoroace- 
tate and malonate. Abbreviations—M, malic acid; 
A, aspartic acid; P, pyruvic acid; O, oxalacetic 
acid; U, unknown acid; §S, succinic acid; F, fumaric 
acid; and 52, acid “52. Solvent systems—I, 
water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1). 
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Fig. 5.—Acetate tomato no inhibitor 2 hours. 
Abbreviations—C, citric acid; G, glutamic acid; 
M, malic acid; P, pyruvic acid; O, oxalacetic acid; 
U, unknown acid; 5S, succinic acid; F, fumaric 
acid; and 52, acid ‘52."" Solvent systems—I, 
water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1). 
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tomato 2 hours malonate. 
Abbreviations—C, citric acid; P, pyruvic acid; O, 
oxalacetic acid; U, unknown acid; S, succinic 
acid; and F, fumaric acid; Solvent systems—lI, 
water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1) 


Fig. 6.—Acetate 


Fig. 7.--Acetate tomato 2 hours fluoroacetate 
Abbreviations—C, citric acid; G, glutamic acid; 
P, pyruvic acid; O, oxalacetic acid; S, succinic 
acid; U, unknown acid; and 52, acid 52." Solvent 
systems—I, water-saturated phenol; II, butanol- 
acetic acid-water (4-1-1). 
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Fig. 8.—Acetate tomato 2 hours fluoroacetate and 
malonate. Abbreviations—C, citric acid; G, glu- 
tamic acid; P, pyruvic acid; O, oxalacetic acid; 
U, unknown acid; S, succinic acid; F, fumaric 
acid; and 52, acid “52."" Solvent system=«—lI, 
water-saturated phenol; II, butanol-acetic acid- 
water (4-1-1) 


succinic and also of labeled pyruvic, oxalacetic, and 
fumaric acids point to the possible existence of an 
oxidative pathway of acetate that does not involve 
the tricarboxylic acids. 
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An Electrolytic Servo-System and the Study of 
Oxidative Phosphorylation* 


A variety of drugs markedly influence mitochondrial oxidative phosphorylation and 


By JOHN J. EILER, JERE E. GOYAN,} L. DALLAS TUCK, and CARTER C. COLLINS 


other enzyme catalyzed electron exchange reactions. The electrolytic servo-system 
described is useful in the study of these reactions and the effect of drugs thereon. 
The servo-system functions to maintain a mediator, transferring electrons between an 
enzyme system and a metallic electrode, at a constant predetermined potential. The 
utility of the instrument is demonstrated in a study of the phosphate-uptake associated 
with the oxidation of a-ketoglutaric acid by rat liver mitochondria, with ferro-/ferri- 
cyanide serving as mediator. The selectivity of ferricyanide as an electron acceptor 
is demonstrated in a study involving the use of Antimycin A.' The use of the in- 


p= the last ten years, studies in our lab- 

oratory (1, 2), and elsewhere (3), have 
indicated that certain chemical agents and drugs 
markedly influence the rate and efficiency of 
oxidative phosphorylation, the process occurring 
in mitochondria whereby the oxygen-consuming 
electron transport reactions are coupled with the 
formation of high-energy phosphate compounds. 
Various agents interrupt electron transport at 
different sites on the electron transport chain; 
others serve only to uncouple the associated 
phosphorylation. 

Our knowledge of this phase of drug action 
could be increased significantly if we had an 
effective means to study the phosphate uptake 
associated with selected segments of the total 
electron transport chain. The simple use of 
oxidation-reduction couples has not been success 
ful as a means of studying the oxidative phos 
phorylation occurring in selected segments of the 
transport chain. When used in the concenira- 
tions necessary to permit them to serve as the 
ultimate donor or final acceptor of electrons, 
most couples have a deleterious effect on the 
phosphate uptake. 
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strument as a low current potentiostat is also presented. 


Previous studies in this laboratory (4, 5) have 
demonstrated the feasibility of using a smooth 
platinum electrode, together with an electro- 
motively active mediator, to serve as a donor or 
acceptor of electrons in enzyme catalyzed oxida- 
tion and reduction reactions. In these studies, 
largely unpublished, a smooth platinum electrode 
was inserted into a modified Warburg vessel and 
connected through a side-arm to a source of 
E. M. F. in series with a variable resistance. The 
circuit was completed by the use of a suitable 
half-cell in a second Warburg vessel joined to the 
first cell by a short agar-KCl bridge. A 
standard calomel half-cell connected to the bridge 
by a T arrangement permitted measurement by a 
potentiometer of the potential on the platinum 
electrode when serving either as a cathode or 
anode. With no applied E. M. F., the platinum 
electrode indicated the potential of the electro- 
motively active component (mediator) in the 
vessel. The inclusion of an ammeter and a volt- 
meter as in a conventional electrolysis circuit 
(6) permitted measurement of current and ap- 
plied E. M. F. 

In one group of studies (4) with the platinum 
serving as an anode, the platinum-containing 
vessel was charged with a mitochondrial prepa- 
ration (1) and the necessary components to study 
oxidative phosphorylation under anaerobic con- 
ditions. With a ferro-/ferricyanide couple in 
catalytic concentrations, serving as the trans- 
porter of electrons from the enzyme system to the 
electrode, the number of faradays consumed 
during a twenty-five minute period was equal to 
the equivalents of oxygen used in separate runs 
under aerobic conditions, while the phosphate 
uptake was one-third that observed under aero- 
bic conditions. Under aerobic conditions with 
the platinum serving as cathode and with 2- 
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methyl-1,4-naphthoquinone serving as the trans- 
porter of electrons from platinum to the enzyme 
system, but with no substrate, the current 

matched the measured oxygen uptake and the 

phosphate uptake was significant (5). 

In these studies, the potential of the mediator 
was maintained approximately constant by 
regulating manually the applied voltage so that 
the rate of transformation of the mediator by the 
electrode balanced the rate of the reverse trans- 
formation by the enzyme system. 

It seemed possible that the usefulness of such 
an electrolytic device, especially for the study of 
the influence of drugs on the kinetics of enzyme 
catalyzed oxidations and on the associated phos- 
phate esterification, could be increased measur- 
ably by the development of a servo-system which 
would automatically control the potential of a 
mediator within a few millivolts of a prefixed 
value. The present study is concerned with the 
development and the use of such an instrument. 
While there are a number of instruments which 
maintain a constant potential on an electrode, 
we are not aware of an instrument, such as that 
reported here, which maintains the oxidation 
potential of a mediator constant. Two uses of 
the instrument are presented. The first em- 
ploys the instrument as a servo-system in the 
study of oxidative phosphorylation. In the 
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second, the instrument is used as a potentiostat 
to study the kinetics of the electrode oxidation 
of a mediator. 


INSTRUMENTAL 


Our approach to the problem of developing an 
electrolytic servo-system is best made clear through 
reference to the block diagram in Fig. 1, where the 
several components of the instrument are repre- 
sented schematically. Compartment A is a re- 
action vessel which for the purposes of clarification 
may be viewed as containing an enzyme system 
under anaerobic conditions, accepting electrons 
from its substrate and donating electrons to an added 
electromotively active mediator. Compartment B 
contains a half-cell which together with the bridge 
completes the circuit. The larger platinum elec- 
trode (c) in compartment A is the working electrode 
which serves to oxidize the mediator when the po- 
tential of the mediator, as a result of enzymic 
action, falls below a predetermined value. The 
actual potential of the mediator is measured by use 
of the Electrometer (setting 3) as the potential be- 
tween the small platinum electrode (5) and the stand- 
ard reference cell (a) (both dipping into the reaction 
mixture in compartment A) 

The presetting of the potential at which the medi- 
ator is to be maintained by the working electrode, 
is made by the use of the Battery Input and the 
Electrometer (setting 1). The difference in poten- 
tial between that set by the Battery Input and that 
imposed by the mediator on the null electrode (to- 
gether with the reference electrode) at any instant 


ELECTROMETER 


RECOCROER 


AMPLIFICR 


InPUT 


BATTERY 


Fig. 1.—Block diagram of the electrolytic servo-system. The labeled components are described in the text. 
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constitutes the input to the amplifier circuit. When 
this difference is nil, there is no putput from the 
amplifier and the working electrodes are inoperative. 
With increasing difference, the output of the ampli- 
fier increases proportionately up to a maximum out- 
put, at which time the working electrodes are 
performing at their maximum. The polarity of the 
amplifier output is always such so as to effect a 
reduction in the difference in potential between the 
Battery Input and the sensing electrode system. 
The Recorder indicated in Fig. 1 served to record 
the current. The shunt (c) shown in Fig. 1 con- 
nects the working platinum electrode to both the 
input and the output of the amplifier and permits 
the use of the instrument as a potentiostat (see 
later). Not included in Fig. 1 is the d.-c. power 
supply for the amplifier 

In the case of enzyme systems capable of reducing 
oxygen, the mediator may serve as a donor of elec- 
trons to the enzyme with the platinum working 
electrode serving as a cathode. 

The Amplifier.—The function of the amplifier 
is to furnish direct current to the working electrodes 
in response to information from the sensing electrode 
system. It was decided that a balanced direct- 
coupled amplifier would be the simplest and least 
expensive instrument for this purpose. The circuit 
is shown in Fig. 2. 

To avoid polarization by reducing the current 
drain on the sensing electrode system, a high-im- 
pedance input was provided by using a cathode fol- 
lower stage whose input resistance is 200 megohms. 
Maximum input current under the conditions of 
operation anticipated in this research (0.5-volt 


maximum input) is 2.5 X 10~* ampere 
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Two stages of voltage amplification are provided. 
Excessive voltages, which would bring about un- 
desired electrolysis of water and other substances, 
are prevented from appearing on the working elec- 
trodes by connecting a pair of twin diodes operating 
as clipper tubes across the output of the voltage 
amplifying stages. Two additional cathode follower 
stages produce the desired direct current at an out- 
put impedance of about 700 ohms. 

To provide reasonable grid bias voltages while 
maintaining the input and output connections at a 
potential near ground, the anodes are supplied from 
a bus at +150 volts and the cathodes from a bus 
at — 150 volts, both measured with respect to ground. 

Since the voltage amplification of the final stage 
changes with load resistance (7), the voltage and 
current furnished to the working electrode system 
will depend upon the resistance of the system being 
electrolyzed. Figure 5 shows the output voltage 
(V») as a function of load resistance (R,) for three 
values of input voltage (Vin). In practice this 
variability with load does not cause any difficulty 
because: primarily the polarity and not the precise 
value of the output voltage is of importance, and 
the resistance of the electrode system does not 
change markedly during the progress of a run. 

The overall behavior of the amplifier is shown in 
Fig. 6, where the output voltage is plotted as a 
function of the input voltage for three values of 
load resistance. All three curves were made with 
the clipping adjustment at the same position, the 
voltage-limiting effect of which is evident in the 
figure. It is also evident that the output voltage 
thus limited is a function of the load resistance. 

It is of some interest that though the output po- 
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Fig. 2.—Circuit diagram of the amplifier, including current recorder. 
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Fig. 3.—Circuit diagram of the power supply 
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Fig. 4.—Circuit diagram showing Battery Input (bottom center), electrometer, and switching arrangement. 


tential is strongly affected by the resistance of the 
working cell, the current through the load is affected 
hardly at all, as may be verified by a simple Ohm's 
Law calculation from Fig. 6. It is a characteristic 
of the cathode follower circuit that it maintains a 
current which depends primarily upon its input po- 
tential and which depends to only a minor extent 
upon the properties of the load. 

This same characteristic of the cathode follower 
is important in another way. The working elec- 
trode system comprises a cell capable of producing an 
electromotive force either in opposition to or in the 
same direction as the output of the amplifier, which 


would be expected to affect the output current 
(i. e., the back E. M. F. due to the presence of the 
mediator). However, owing to the buffering effect 
of the cathode follower, this effect is minor. In the 
present circuit under typical conditions of 100-ohm 
load, one volt of back E. M. F. has about as much 
effect on the output current and voltage as does 0.6 
millivolt applied to the input. At higher load re- 
sistance, back E. M. F. exerts proportionately less 
effect. The voltage and current dependence upon 
the back E. M. F. is shown in Fig. 7, which is calcu- 
lated from an equivalent-circuit analysis of the 
output stage, assuming a load of 100 ohms. In the 
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Fig. 5.—The relation between amplifier output in 


volts (V,) and load resistance in ohms (Rz, 
values of input in millivolts (V i.) 


for three 
The points on 


the curves are experimental values, while the curves 
were calculated from an equivalent-circuit analysis 
using an amplification factor of 15 and a plate 
resistance of 16,000 ohms for the output tube (12 
AU 7), and an over-all gain of 1,620 up to the last 
stage 
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Fig. 6—Gain characteristics of the amplifier 


showing the effect of clipping at three values of load 
resistance. The clipping adjustment was at the 
same setting in all cases. 


figure a positive value of back E. M. F. by con- 
vention is in opposition to the output E. M. F.. 
Power Supply.—The amplifier obtains its operat- 
ing power from a 300-volt power supply, the circuit 
of which is shown in Fig. 3. Stability is provided 


by the use of two 150-volt voltage regulator tubes, 
which combination also furnishes a center grounded 
point (see discussion of the voltage requirements 
In order to reduce fluctuations in the out- 


above). 
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Fig. 7.—Gain characteristics (calculated) of the 
amplifier with 100-ohm load and no clipping at 
various values of back E. M.F. (volts). A positive 
value of back E. M. F. is in opposition to the E. M. F. 
furnished by the amplifier. The middle curve at 


zero back E. M. F. corresponds to the lower curve of 
Fig. 6, but without clipping 


put current of the amplifier, it was found necessary 
to insert a saturable core-transformer stabilizer on 


the 120-volt line. Further stability may be ob- 
tained by separate regulation of the heater voltage 
supply. 

The Battery Input.—The electromotive force 
which the sensing electrode is to maintain is preset 
on a common voltage divider powered by two dry 
cells. The circuit is shown in the bottom center of 
Fig. 4. 

The Electrometer.—It is desirable to be able to 
measure the electromotive force of the sensing 
electrode and of the battery input during the prog- 
ress of a run. Such measurements, to minimize 
polarization of the sensing electrodes, must be made 
on an instrument of high input impedance. For this 
purpose, an electrometer was employed, using a 
special electrometer tube, Victoreen 5805, in the 
input stage. The circuit is shown in the upper 
right hand portion of Fig. 4. The input resistance 
of the circuit was measured to be 1,000 megohms. 
Full-scale reading on this instrument (0.5 volt) 
results in a current consumption of 5 X 10-” am- 
pere from the system being measured. 

The switching arrangement shown in Fig. 4 
makes use of a 4-pole 3-position switch. Position 1 
connects the battery input voltage to the electrom- 
eter; position 2 is a short circuit across the electrom- 
eter for zeroing the meter by adjustment of po- 
tentiometer R;; position 3 connects the sensing 
electrode system to the electrometer. 

Potentiometer R, is used for calibration of the 
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meter. In our work this potentiometer was set 
to make 0.5 volt on the input terminals produce a 
full-scale deflection. 

The terminals marked “Input” on Fig. 4 are 
connected to the sensing electrodes; those marked 
“output” connect to the amplifier. 

Electrodes.—For a reference electrode, we have 
had good performance from a Ag-AgCl electrode 
made according to Lingane (8). The potential of 
this electrode is +0.197 volt vs. N.H.E. It should 
be pointed out that with the high input impedance 
of the electrometer, the calomel half-cell used with 
most pH meters can be used satisfactorily 

The sensing platinum electrode consisted of a 
short length of platinum wire attached to the side 
of the reference electrode with the tip of the wire 
brought close to the sintered glass filter of the refer- 
ence electrode 

A large Ag-AgCl electrode was used as the half-cell 
indicated in compartment B in Fig. 1. This non- 
polarizable cell was made by winding several feet 
of 0.0179-inch diameter silver wire around 3-mm. 
i. d. glass tubing and bringing the free end up 
through the bore. An even coating of AgCl was 
deposited electrolytically 

The working electrode was made of 80-mesh 
platinum (90%)-rhodium (10%) gauze. The 
center of a square piece was welded to a platinum 
wire pulled through a short length of 7 mm. o. d. 
capillary tubing and the end of the tube nearest the 
gauze sealed. The gauze was then moulded into 
the shape of a bowl and the edges trimmed to yield 
an area of 5.0 cm.? The free end of the tubing was 
inserted into the chuck of an electric stirrer and the 
free end of the wire sealed to a slip ring. With this 
arrangement the platinum working electrode served 
as a means of stirring the solution in compartment 
A. 

The electrode compartments were made from 10- 
ml. Pyrex beakers joined near the base by a 3-cm. 
section of tubing having 7 mm. i. d. The vessel 
serving as compartment A was provided with a 
second wall and outlets to serve as a water jacket for 
purposes of maintaining temperature. 

Operation.—The several components were con- 
nected as indicated in Figs. 1, 2, 3, and 4. The 
bridge between the compartments A and B was 
charged as follows: the first several mm. nearest 
compartment A consisted of a 3% Agar-25°% satu- 
rated KCl, followed by cotton and then a saturated 
solution of KCl which also coastituted the solution 
in compartment B. Care was taken that the level 
of fluid in B was in hydrostatic balance with the 
solution in A. The solution in A, the experimental 
mixture, contained the enzyme system and the nec- 
essary auxiliary components including the mediator. 
The working electrode was placed in A so it was 
completely covered by the fluid and so that its ro- 
tation would exert the maximum stirring effects. 
The reference electrode and the sensing platinum 
electrode as a unit were placed so that the reference 
electrode and platinum almost touched the stirring 
platinum electrode. 

The amplifier and power supply were turned on 
several hours before the instrument was used to in- 
sure maximum stability. The gain (Rj) and level 
(Rs) potentiometers (see Fig. 2) are set only when 
the instrument is first prepared for use. The gaia 
control was set at maximum and the level control 
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such that the voltage on each plate of the first 
amplifier tube T; was between 55-60 volts. 

Before each run the balance control (R;) must be 
adjusted so that the output (read on the meter) is 
zero for zero input. The potentiometers Rj and 
Ri controlling the grid potentials of the output 
cathode followers are adjusted so that the output 
is close to zero relative to chassis ground 

The potentiometers (Ry and Rj) controlling the 
clipper diodes are then adjusted symmetrically io 
limit the output voltage of the working electrodes 
to the desired value. In the studies on oxidative 
phosphorylation below, the limitation was such that 
1 ma. was delivered to 1000 ohms. In the testing of 
mediators, also below, the limitation was usually 
such that 2 ma. were delivered across 1000 ohms. 


EXPERIMENTAL APPLICATIONS AND 
RESULTS 


Oxidative Phosphorylation.—The applicability 
of the electrolytic servo-system to the study of 
enzyme catalyzed reactions was tested in a study of 
the phosphate uptake associated with the oxidation 
of substrate in rat liver mitochondria. The P/O 
value (9) associated with the oxidation of a-keto- 
glutaric acid to succinic acid, in the presence of 
malonate, was determined under anaerobic condi- 
tions using the electrolytic system with the working 
platinum electrode serving as an anode and with 
ferro-/ferricyanide couple serving as the mediator 
Similar trials to serve as controls were carried out in 
the customary fashion (10) in Warburg vessels, 
using oxygen as the ultimate electron acceptor. 

The rat liver mitochondrial preparation was pre- 
pared by the procedure of Dounce, et al. (11), with 
the principal exception that the fluid for the initial 
homogenization was 0.32 M sucrose and the fluid 
for washing was 0.25 M, instead of the acidified 
0.44 M sucrose. 

The reaction mixture amounted to 6.0 ml. in the 
case of the electrolytic trials and to 3.0 ml. ia the case 
of the Warburg trials. Each ml. of the final re- 
action mixture contained, in addition to the mito- 
chondrial preparation, the following substances in 
micromoles: KH:,PO,<pH 7.4) 7.5 to 15, KF 9.3, 
KCl 70, Pabst crystalline ATPNay 1.0, MgSO, 8.7, 
Na malonate 8.0, a-ketoglutarate (pH 7.4) 6.6, and 
glucose 17.0. Each ml. also contained the equiva- 
lent of 0.03 ml. of hexokinase prepared according to 
Berger, ef al. (12), (3-a stage). 

The mixture for the electrolytic trials contained 
in addition to the above mentioned components, 
0.8 or 1.0 micromole of iron cyanide per mi. added as 
an approximately equal mixture of K;Fe(CN). and 
K,Fe(CN)-. In some of the trials, for reasons given 
below, 2,4-dinitrophenol (DNP) was added in 
concentrations of either 3.3 X 10~* M or 5.5 X 107° 
M or '/; wg. of Antimycin A was added for each 
ml. of reaction mixture. The amount of mito- 
chondria added to the reaction mixture was esti- 
mated by determining the mitochondrial protein in 
the original suspension by the procedure of Gornall, 
et al. (13), using crystalline bovine serum albumin 
as the standard. Since these determinations were 
carried out primarily to permit comparison of the 
electrolytic runs with the Warburg runs, only com- 
parative data were required and the modification 
of the procedure recommended by Slater (14) was 
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not employed. The electrolytic vessels, described 
previously, after preparation of the bridge, were 
charged with all components of the reaction mixture, 
except the mitochondrial preparation, and the 
several electrodes inserted and connected. For a 
period of tén minutes, during which time 17° water 
was circulated through the water jacket, oxygen- 
free nitrogen was bubbled vigorously through the 
reaction mixture, which was stirred with the work- 
ing platinum electrode. At the beginning of this 
period, the Battery Input was set at 250 mv. positive 
to the reference Ag-AgCl cell (447 mv. positive to 
N.H.E.) and the servo-system allowed to adjust the 
ratio of ferro-/ferricyanide mixture to equal the 
setting potential That such a potential was 
reached could be verified both by the absence of 
current flow and by the measurement of the poten- 
tial between the inert platinum and the reference 
cell. 

The cold mitochondrial preparation, immediately 
prior to adding an aliquot to the reaction vessel, 
was placed in a chilled Thunberg tube which was 
then evacuated and flushed with oxygen-tree nitro- 
gen several times to remove oxygen. At the time 
of adding an aliquot of the mitochondrial preparation 
to the vessels to initiate a trial, the tube delivering 
nitrogen to the fluid was raised so as to sweep the 
surface of the liquid free of oxygen. A vigorous 
stream of nitrogen was maintained throughout a 
trial. Excessive frothing was observed if the nitro- 
gen was permitted to bubble through the mito- 
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chondrial containing reaction mixture. The com- 
pleteness of the anaerobic conditions established 
was verified through the polarographic estimation of 
oxygen in several carefully collected samples of the 
complete reaction mixture. A temperature of 17° 
was maintained throughout atrial. After the proper 
time interval, the trial was terminated by the addi- 
tion of 0.6 ml. of 50% trichloroacetic acid. 

The contents of the vessel were then transferred 
to a chilled centrifuge tube and the vessel washed 
with aliquots of 5% trichloroacetic acid to prepare a 
trichloroacetic acid extract for the determination of 
the inorganic phosphate by the procedure of Fiske 
and Subbarow (15). It was established that the 
low concentration of iron cyanide present in these 
extracts did not interfere with the estimation of 
phosphate. The agar plug was removed and the 
inorganic phosphate determined. The amount of 
phosphate lost from the main vessel by diffusion 
against the current-promoted diffusion of anions 
was small and amounted to 10-16 yg. during a total 
elapsed time of twenty to twenty-five minutes. 
Phosphate controls, other than the determination 
of the inorganic phosphate in the reaction mixture 
at the start of a trial, were necessitated by a phe- 
nomenon observed in the graphs in Fig. 8. 

Immediately upon addition of the mitochondria, 
scanning from right to left in any given trial, the 
current output rapidly rose to a maximum and fell 
to a steady-state level. In general, the excursion 
through the maximum occupied one to two minutes. 
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Fig. 8.—-Brown recorder tracings of the current output. 


two minutes. 


the text. 


The time scale for each trial runs from right to left. 
trials and the control (far right) in one experimental series. 


Each unit on the abscissa time scale represents 
The upper tracing represents three 
Both experimental series are described in 
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This effect could be reproduced by the addition of 
heat-inactivated mitochondria or serum albumin. 
It has been assumed, though not proven, that the 
extra current was due to the preferential fixing of 
the ferricyanide by the protein causing a disturb- 
ance in the value of ferro-/ferricyanide which 
served as a large input into the amplifier circuit. 
The corresponding amplifier output was greater than 
that which obtained during the steady-state level. 
To obviate the problem caused by the extra current, 
we regularly terminated either the first or the last 
trial in a series at the end of four minutes. The 
value for the inorganic phosphate in this trial was 
used as the zero time control for the other trials in 
the series. The measurement of the coulombs 
consumed in the experimental trials was then taken 
from the end of the fourth minute after adding the 
mitochondria. The coulombs consumed were esti- 
mated either from the product of the current, as 
read on the ammeter in series with the Brown 
Recorder, and the time elapsed from the end of the 
control period, or by use of a planimeter. 

The Warburg vessels were loaded in the cold 
(0-2°) with 0.3 ml. of 50% trichloroacetic acid 
added to a side-arm and with 0.2 ml. of 20% KOH 
added to the center well. All runs were conducted 
at 17° with two controls and at least two experi- 
mental flasks in each trial. Inorganic phosphate 
was determined in trichloroacetic acid extracts pre- 
pared at the end of the eight-minute temperature- 
equilibrium period, in the control, and at the end 
of an additional fifteen-minute period in the ex- 
perimental flasks 

The time-dependent characteristics of the cur- 
rent output of the servo-system are presented for 
two representative runs of three trials each in the 
graphs in Fig. 8. The “noise’’ level of the output 
varied from trial to trial, upon occasions being either 
greater or less than is to be observed in the graphs 
It was observed that other voltage-draining equip- 
ment in the laboratory, such as the refrigerator unit 
used to maintain a temperature of 17°, had some 
effect on the output. It was also observed that the 
high frequency ‘‘noise’’ was directly connected with 
the stirring operation, both frequency and amplitude 
being related to the rate of stirring. We are not 
clear as to the cause of the low frequency excursion. 
It is not probable that it was due to a low frequency 
oscillation in the amplifier which was tested with an 
oscilloscope. It is possible that closer attention 
given to electrode design and materials will reduce 
the variation in output. 

In all of the trials presented in Fig. 8, the potential 
on the inert platinum electrodes was maintained 
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constant at a value within a few millivolts of the 
setting value. The constancy of the value estab 
lished that the mitochondrial system was being 
oxidized as a potential of 450 mv. positive to the 
N.H.E. and that the working platinum electrode 
was oxidizing the reduced mediator just as rapidly 
as the oxidized mediator was reduced by the mito- 
chondria. Under these conditions the current out- 
put is an accurate index (except for noise) of the 
rate of oxidation of the mitochondria. In order 
to bring about the observed rates of oxidation, the 
total output across the working electrodes, while 
approximately constant for each trial, varied be- 
tween 0.3 and 0.4 V for the several trials 

A summary of the results relating the microequi 
valent of oxygen (Warburg trials) or electrons 
(electrolytic system) consumed per mg. of mito- 
chondrial protein to the microatoms of phosphate 
uptake is presented in Table I. The values for the 
amount of mitochondrial protein per vessel are also 
presented. It can be observed in Table I that both 
types of runs proceeded at approximately the same 
velocity. The average “P/O” values associated 
with the single-step oxidation of a-ketoglutaric acid 
amounted to 3.1, with oxygen as electron acceptor, 
and to 1.9 with the ferro-/ferricyanide as the ac- 
ceptor. The average value of 1.9 for the electrolytic 
trials was calculated from the results of all trials 
carried out, except those involving the use of 2,4- 
dinitrophenol and Antimycin A (below). It should 
be pointed out that many of the trials, carried out 
during the early period when we were gaining ex- 
perience with the operation of the servo-system, 
gave “P/O” values no higher than 1.0-1.4. Nine 
of the last thirteen trials gave “P/O"’ values of 2.0 
or higher with an average value for the nine of 2.5 
There is reason to believe that the higher values are 
more reliable. 

In a previous study (4), evidence was supplied 
that the phosphate uptake in the electrolytic vessels 
was enzyme catalyzed and not due to an electrode 
reaction. To obtain additional evidence on this 
point, use was made of the fact that 2,4-dinitro- 
phenol uncouples the enzymic phosphorylation as- 
sociated with mitochondrial oxidation (16, 1). 
The lower tracing in Fig. 8 is from a three-tiial 
run in which the reaction mixture of the middle 
trial contained 3.3 X 107° M DNP, in addition to 
the usual components. The “P/O” value associated 
with this trial amounted to 1.2 while the values for 
the “P/O” of the trials on either side, without DNP, 
amounted to 3.1. In three other trials, involving 
the use of 5.5 XK 10-* M DNP, there was observed 
an increase in inorganic phosphate amounting to 


Tas_e 1.—SumMMARY OF RESULTS USING WARBURG TECHNIQUE AND ELECTROLYTIC SERVO-SYSTEM 


No. of mg. Mitochondrial 


Type of Experi No of Protein peq./mg./15 Min z atom P 
Experiment ments Trials Vessel 2 '/e x weq 
Warburg 10 24 16. 4(12-21)* 0. 130(0 .098-—0. 195) 3.1(2.4-3.7) 


Electrolytic 15 26 23 .3(16-30) 


0.125(0 .078—0. 165) 1.9(1.0-3.1) 


@ The numbers in the last three columns represent the average values and the range of values. The results do not include 
the data from those trials involving the use of either DNP or Antimycin A. 
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about 2 micromoles per vessel. Since under our 
experimental conditions the Warburg control trials 
also showed an increase in inorganic phosphate in 
the presence of the same concentration of DNP, we 
did not seek an explanation for the liberation of 
inorganic phosphate. Clearly, the phosphate up- 
take observed in the electrolytic trials without DNP 
is the result of mitochondrial oxidative phosphoryla- 
tion. 

The high value for the “P/O”’ ia the electrolytic 
trials suggested the use of Antimycin A to test the 
inference that ferricyanide was constrained to ac- 
cept electrons from a site or sites in the electron 
transport chain proximal to the site of action of 
Antimycin A. The addition of '/; wg. Antimycin 
A per ml. of reaction mixture in three trials in the 
iron cyanide-mediated oxidations caused a consis- 
teat and marked depression of coulombic consump- 
tion amounting to 82, 78, and 86% of the control 
value. The upper tracing in Fig. 8 is from an ex- 
perimental series in which the middle trial was in- 
hibited by Antimycin A. The coulombic consump- 
tion in this trial was but 24% of the value for the 
control (left). The trial to the right in the same 
tracing involved the use of 3.3 X 10°* M DNP. 
There was phosphate liberation in both drug-treated 
trials. The control gave a “P/O” value of 1.4. 

Potentiostat.—While the instrument described 
has been designed to function as a servo-system to 
maintain a mediator at a fixed potential, with a 
change in connection of but a single lead, the in- 
strument serves admirably as a low current potentio- 
stat to maintain the working electrode at a fixed po- 
tential. The change consists in connecting one 
lead of the amplifier input to the working electrode 
rather than to the null electrode (see e Fig. 1). 
Under these conditions, the setting of the Battery 
Input determines the constant voltage. 

The use of the instrument as a low current po- 
tentiostat is particularly valuable in problems in- 
volving the use of mediators and in the study of 
mediators per se. A mediator is valuable only so 
long as the rate of reaction with the electrode is as 
fast as or faster than its rate of reaction with the 
enzyme whose reaction it mediates. The value for 
the effective kinetic constant of the reaction be- 
tween mediator and the working electrode can easily 
be determined by the use of the instrument as a 
potentiostat. 

In Fig. 9 and Table II are presented the results of 
the use of the potentiostat to follow the rate of 
oxidation of ferrocyanide by the working electrode 
with the potential maintained constant. 

In this trial, 6.0 ml. of 0.001 M potassium ferro- 
cyanide in 0.15 M potassium chloride was placed in 
compartment A. The bridge was loaded as de- 
scribed previously. Compartment B with the large 
Ag-AgCl electrode contained a saturated solution 
of potassium chloride. The Battery Input was set 
at 395 mv. positive to the Ag-AgCl reference elec- 
trode. During the course of the trial, a vacuum 
tube voltmeter and the electrometer were used to 
measure, respectively, the potential between the 
cathodic Ag-AgCl (d Fig. 1) and the reference Ag- 
AgCl (a Fig. 1) electrodes and between the platinum 
working electrode and the silver reference electrodes. 

The numbers on the abscissa of Fig. 9 and listed 
in Table II under measurement number, indicate 
the times at which the potential measurements were 
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the oxidation of ferrocyanide at constant potential. 
The experimental conditions are described in the 
text. 


TaBLe II.—Tue Anopic OXIDATION OF 
FERROCYANIDE AT CONSTANT POTENTIAL 


Voltage relative 


Measure- reference cell, 
ment Millivolts Current, Resistance, 
Number Anode Cathode? Milli- Ohms 
amperes 
1 380 — 220 1.92 110 
2 395 — 150 1.42 110 
3 395 —110 0.94 120 
395 — 80 0.73 110 
5 395 — 70 0.59 120 
6 395 — &O 0.43 120 
7 395 — 40 0.33 120 
8 395 — 30 0.27 110 


* In calculating the resistances, the values for the boundary 
potentials have been neglected 

+ This voltage represents the IR drop across the bridge be- 
tween the two electrode compartments. 


taken. The space between the heavy lines on the 
abscissa scale in Fig. 9 represents two minutes. 

In Fig. 9, the arrow indicates the start of the trial. 
Immediately there was a rapid increase in output 
with the current exceeding the range of the record- 
ing instrument. The value reported in Table II 
(measurement 1) was taken from an ammeter in 
series with the recorder. The absence of noise in 


the tracing of the current output in potentiostat 
trials was a consistent and understandable finding. 
As can be observed in Table II, the potential on 
the working electrode, after a brief initial period, 
was maintained constant at a value of 395 mv. 
It is evident, in comparing Table II and Fig. 9, 
that associated with the fall in current there is a 
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concomitant change in potential on the cathodic 
silver electrode, which is accounted for by the de- 
clinein IR. Calculations indicate the resistance was 
constant at about 100 ohms. The pattern of the 
potential changes observed in this stucv has been 
described by Lingane (17) and need not be consid- 
ered here. 

When the log of the current was plotted against 
time, a straight line was observed, indicating that 
with constant voltage on the platinum electrode, 
ferrocyanide is oxidized according to first order 
kinetics. It is important to known whether or not 
the electrode reaction is a single reaction, especially 
when complex media are involved. The linear rela- 
tion when observed establishes the fact that the 
current efficiency for the reaction is 100%. This 
point was confirmed by the spectrographic analysis 
(420 my) for ferricyanide 

The specific rate constant for the oxidation (or 
the reduction) of a mediator calculated from the 
semilogarithmic plots permits calculation of the 
rate of the electrode reaction at various concentra- 
tions of mediator. Such calculations permit the 
use of the minimum concentration of mediator. 
Replication of the trial at several voltage settings 
furnishes data relative to the influence of voltage on 
velocity. A single trial takes but a few minutes to 
complete. It makes little difference for practical 
purposes whether or not the velocities measured are 
diffusion limited. 


DISCUSSION 


The experiments on oxidative phosphorylation, 
especially those involving the electrolytic system, 
were not carried out with the goal of establishing the 
conditions best suited for maximum “P/O” values. 
It was believed that by using conditions found to be 
suitable for good values in Warburg runs, evidence 
would be obtained to establish the usefulness of the 
electrolytic system in the study of problems in en- 
zyme kinetics. 

The electrolytic system, used as a servo-system, 
makes possible the transfer of electrons between 
an enzyme system and a mediator at fixed potentials. 
The mediator may serve either as the donor or the 
acceptor of electrons and need be present only in 
catalytic amounts. The experimental opportunities 
offered by these conditions, we believe, are brought 
out in the results of the studies on oxidative phos- 
phorylation. 

The range of “P/O” values associated with the 
single-step oxidation of a-ketoglutaric acid, in the 
Warburg trials, was wider and the average value 
significantly lower than has subsequently been 
obtained with essentially the same procedure in this 
laboratory (18), when no attempt was made to co- 
ordinate such runs with the electrolytic runs. 
However, the higher values of the present data are 
wholly compatible with a “P/O” value of 4 for the 
oxidation of a-ketoglutarate as observed by Copen- 
haver and Lardy (10, 19). Likewise the nine best 
values for the electrolytic runs (with an average 
“P/O” value of 2.5) are compatible with a “P/O” 
value of 3.0. Further the average values for all the 
data from each type of run, when corrected for phos- 
phate leaks either on a proportionate or on an ab- 
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solute basis, are consonant with the view that the 
results of the electrolytic runs differ by only one 
P/O unit from the results of the Warburg runs. In 
the careful studies by Copenhaver and Lardy (10) 
wherein greater than stoichiometric amounts of 
ferricyanide were used as the ultimate electron 
acceptor, the “P/O” value for the single-step oxida- 
tion of a-ketoglutaric acid was 1.5 with a range of 
values between 1.2-1.9, indicating a difference in 
two P/O units between the values with ferricyanide 
and oxygen. 

In the electrolytic runs, three microequivalents of 
ferricyanide, at a fixed potential, mediated six micro- 
equivalents of oxidation; while in the studies 
of Copenhaver and Lardy, 50 microequivalents of 
ferricyanide, at no fixed potential, were associated 
with only 16 microequivalents of oxidation. With 
lower concentrations of mediator, at fixed potential, 
it is reasonable to expect a more selective acceptance 
of electrons, since each donor site on the mitochon- 
dria undoubtedly has a different energy of activation 
relative to the reaction with ferricyanide. Support 
for this expectancy is found in the results using Anti 
mycin A, a highly selective inhibitor blocking the 
transport of electrons in mitochondria at an inter- 
mediate site in the transport chain (20). In the 
results of Copenhaver and Lardy (10), Antimycin A 
did not block the reduction of ferricyanide by mito- 
chondria. It was suggested that ferricyanide ac- 
cepted electrons proximal to the block. In our 
results, Antimycin A was an effective blocking 
agent, indicating that to a large extent ferricyanide 
was constrained to accept electrons at a site distal 
to the block. Results similar to ours have been re- 
ported recently by Pressman (21) under experi- 
mental conditions which permitted the use of low 
concentrations of ferricyanide (but not at fixed po- 
tential). He observed both a high “P/O” value 
and inhibition by Antimycin A. 

Copenhaver and Lardy also observed, with high 
concentrations of ferricyanide, at high but changing 
potential, that the rate of oxidation was greater than 
with oxygen as the acceptor. In our studies, the 
rate of oxidation with ferro-/ferricyanide at an elec- 
trode potential of 0.450 was only slightly lower than 
with oxygen. 

The electrolytic system, used as a potentiostat, 
makes possible the testing of the suitability of medi- 
aters for use as donors or acceptors in enzyme stud- 
ies. In using a mediator as a donor of electrons in a 
multienzymed system reducing oxygen, an evalua- 
tion must be made of the rate of auto-oxidation of 
the mediator. The rate of auto-oxidation of a 
mediator, under the conditions it is to be used in the 
enzyme runs, can be ascertained with ease through 
use of the servo-system in separate runs on the medi- 
ator. 

In the developmental stages of these studies it 
was hoped that the servo-system would be valuable 
in obtaining data relating the rate of an enzyme- 
promoted reaction to the potential of the electron 
donor or acceptor, both in simple and in multien- 
zyme systems. The estimation of “decomposition” 
potentials can be used to calculate energies of activa- 
tion for particular enzyme reactions. However, 


the noise level of the output of the servo-system 
must be reduced, possibly by electrode design and 
modification of the amplifier, to achieve these pos- 
sibilities. 
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SUMMARY 


1. The electrolytic servo-system described 
serves to maintain the potential of a mediator 
transferring electrons between an enzyme system 
and a metallic electrode at a constant value. 
Accordingly, the mediator need be used only in 
catalytic concentrations. The low concentra- 
tion, together with the constancy of potential, 
permits the mediator to exert a more selective 
acceptor or donor role in multienzyme oxidation 
and reductions. 

2. The use of the servo-system is demon- 
strated in a study of the oxidative phosphoryla- 
tion associated with rat liver mitochondria. 
The ferricyanide mediated oxidation of a-keto- 
glutaric acid yields a higher P/O and greater 
selectivity of action than when the ferricyanide is 
used in stoichiometric amounts. Studies using 
Antimycin A support the evidence for the selec- 
tivity of electron acceptance by mediator- 
ferricyanide. 

3. The servo-system may be used as a low 
current potentiostat to study the kinetics of the 
mediator-electrode interaction. 


p-Aminobenzoic acid was dispersed in a 

lyethylene glycol 400 and water solution. 

he dispersed acid underwent a normal 

Sandmeyer reaction ive p-cyanobenzoic 
acid in nk yields. 


| De to the electrophilic nature of the car- 
boxyl group, p-aminobenzoic acid will not 
form a hydrochloride salt to any extent. It 
exhibits a relatively low solubility in an aqueous 
solution of hydrochloric acid. Partly because 
of its low solubility, p-aminobenzoic acid when 
used to prepare p-cyanobenzoic acid, via the nor- 
mal Sandmeyer reaction gives poor and often 
erratic results (1-3). 
* Received December 23, 1957, from the College of Phar 
macy, Butler University, Indianapolis, Ind 
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In a procedure (4) using an ‘‘inverted”’ Sand- 
meyer reaction, the sodium salt of the acid is 
made. In the resulting solution p-aminobenzoic 
acid lacks stability because of the ease with which 
the amino group becomes oxidized in basic solu- 
tions. 


A clear and stable solution was obtained when 
p-aminobenzoic acid was dispersed in a mixture of 
polyethylene glycol 400 and water. It was found 
that a normal Sandmeyer reaction occurs satis- 
factorily in this medium. 


Crude p-cyanobenzoic acid is a colloidal mass 
that binds water quite firmly and is usually con- 
Recrys- 
tallization from water is a very inefficient proc- 
ess (5). 


taminated with inorganic substances. 


The pure p-cyanobenzoic acid was 
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obtained from the crude product by extracting 
with ether as described by Ecanow and Gisvold 
(6). 

A partial purification was accomplished by 
dissolving the crude product, obtained from the 
Sandmeyer reaction, in polyethylene glycol 400. 
Upon heating to 100° the water was boiled away 
from the colloidal acid dispersion. The inorganic 
contaminants, which are insoluble in polyethyl- 
ene glycol 400, then precipitated from solution. 
The pure acid remained in the polyethylene gly- 
col 400 and could not be recovered by practical 
laboratory methods. 


EXPERIMENTAL 


Preparation of p-Carboxybenzene Diazonium 
Chloride.—Fourteen grams of p-aminobenzoic acid 
was dissolved in a mixture of 70 ml. of polyethylene 
glycol 400 and 30 ml. of water contained in a 500-ml. 
beaker. 

Eight grams of sodium nitrite was dissolved, with 
stirring, in 10 ml. of water, filtered, and then added 
to the above solution. The combined solution, 
labeled solution A, was cooled in an ice bath. Twenty 
milliliters of cold concentrated hydrochloric acid 
was poured into a 500-ml. beaker and 50 Gm. of 
ice was added, labeled as mixture B, and placed in 
an ice bath. 

Solution A was slowly added to mixture B with 
constant stirring. During the diazotization reac- 
tion, the temperature was maintained between 0° 
and 5°. After the addition of solution A was com- 
pleted, stirring was continved for ten minutes. 
One-half gram of urea was then added to eliminate 
the excess of nitrous acid. 

A solution of 4 Gm. of sodium hydroxide dis- 
solved in 10 ml. of water was then added slowly, 
and with efficient stirring, to neutralize the extra 
mole of hydrochloric acid. The reaction mixture, 
now only slightly acidic, was stirred for an additional 
ten minutes. The resulting mixture contained the 
p-carboxybenzene diazonium chloride as a mixture 
of suspended crystals and soluble diazonium salt 
and was labeled as mixture C. 

Preparation of p-Cyanobenzoic Acid.—In an 800- 
ml. beaker 13.5 Gm. sodium cyanide was dissolved 
in 60 ml. of distilled water. With exterior cooling 
from an ice-water bath, 11 Gm. of cuprous cyanide 
was added in portions with stirring. Then 13.6 Gm. 
of sodium carbonate monohydrate was added; much 
of the latter did not dissolve. This was labeled 
mixture D, and cooled to 0° in an ice-salt-water 
bath. 


Mixture C was added to mixture D in small por- 
tions with vigorous stirring. Excessive foaming 
was controlled by the addition of a few drops of n- 
octanol. After the addition of mixture C was com- 
pleted, stirring was continued for an additional 
fifteen minutes. This mixture was then removed 
from the ice-salt-water bath and heated at 100° 
for two hours with occasional stirring. The cloudy 
solution was then filtered through a Biichner funnel 
and the filtrate was concentrated, until the early 
indication of pellicle formation, by means of an air 
jet directed onto the surface of the solution. The 
solution was refrigerated for two days, during which 
time a mass of crystals of sodium p-cyanobenzoate 
formed. These crystals were collected on a Biichner 
funnel. The crystals were then dissolved in 100 ml. 
of water and filtered to remove any insoluble ma- 
terials. The filtrate was stirred, under a hood, 
while a slight excess (approximately 15 ml.) of 
concentrated hydrochloric acid was slowly added 
The crude ~-cvanobenzoic acid that separated was 
collected on a Biichner funnel and washed with ice 
water. This crude product was a hydrated colloidal 
material with a slight green color. The crude p- 
cyanobenzoic acid was recrystallized by the method 
as described by Ecanow and Gisvold (6). The pure 
crystalline p-cyanobenzoic acid melted at 219° as 
reported in the literature (2-4, 6). Yields varying 
from 9.8 Gm. (65%) to 116 Gm. (77%) were 
obtained. 


SUMMARY 


1. Polyethylene glycol 400 gave a clear and 
stable dispersion of p-aminobenzoic acid in water. 

2. p-Aminobenzoic acid undergoes a Sand- 
meyer reaction satisfactorily in a polyethylene 
glycol 400 and water medium. 

3. This method could prove useful for run- 
ning Sandmeyer reactions on other compounds 
which cannot be readily solubilized by other 
means than through a dispersing agent. 

4. A partial purification was accomplished by 
dissolving the crude product, obtained from the 
Sandmeyer reaction, in polyethylene glycol 400. 
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The Interaction of Epidermal Protein with 
Aluminum Salts” 


By I. LYON and I. M. KLOTZ 


Aluminum ion is bound to human keratinous 

materials. Aluminum interaction with 

(guinea pig) epidermis is strongly dependent 

upon pH. The carboxylate groups of the 

protein are probably the primary sites of 
aluminum sorption. 


Aun SALTS are widely used as topical 

antiperspirants. However, there is little 
information concerning the interaction of epi- 
dermal protein with these salts. The studies 
reported here were undertaken (a) to determine 
the order of binding of aluminum to various ker- 
atinous materials, (b) to define some of the experi- 
mental conditions affecting the binding process, 
and (c) to determine the sites of the protein adsor- 
bent at which binding occurs. 


EXPERIMENTAL 
Preparation of Adsorbents.—/Human Callus.— 


The callus (obtained surgically) was washed with 
Triton X-100, a nonionic surface-active agent, and 
rinsed in distilled water. It was then extracted 
with petroleum ether and acetone, and powdered in 
a ball mill. The powdered callus was treated with a 
salt solution, 1.5 M NaCl or 0.6 M Al,(SO,)s, by im- 
mersion for fifteen minutes. Samples of the treated 
powder were mounted on albumin-surfaced glass 
slides, washed several times with distilled water, and 
stained with 8-hydroxyquinoline reagent for alumi- 
num according to a modification of the method 
described by Glick (1). 

Human Skin.—The washing and extraction pro- 
cedures were performed as described for the callus 
material. Skin scrapings were then processed, 
stained, and examined as indicated above. 

Human Hair.—A tress of human hair (previously 
shampooed in soap and water but otherwise un- 
treated) was washed with Triton X-100, thor- 
oughly rinsed in distilled water, and divided into 
three parts. One part was immersed in 1.5 M NaCl 
solution, another in an aqueous solution of 0.6 M 
AL(SO,)s. Immersion time was fifteen minutes. 
The fibers were then stained with Thioflavin TG, 
a fluorochrome, washed in distilled water, and air- 
dried. Hair samples were mounted in paraffin oil 
and observed under ultraviolet light. From the 
third part of the tress, cross sections of unstained 


* Received January 15, 1958, from the Medical Depart- 
ment, Research Laboratories, The Toni Company, Chicago, 
Ill., and the Department of Chemistry, Northwestern Uni- 
versity, Evanston, Ill. 


NaCl-treated and Al.(SO,):-treated fibers were pre- 
pared with the Hardy microtome ( DeLaRue, Hyatts- 
ville, Md.), stained with the 8-hydroxyquinoline 
reagent, and examined by ultraviolet light micro- 
scopy. 

Guinea Pig Epidermis.—Guinea pig skin, obtained 
from animals sacrificed within one-half hour, was 
freed of most of its hair and all of the subcutaneous 
tissues. It was then placed, epidermis up, on a 
warming table kept at about 50° for five to fifteen 
minutes. This technique has been shown to facili- 
tate separation of the epidermis from the underlying 
dermis (2). The epidermis was carefully scraped 
from the dermis, washed several times in tap water, 
rinsed in distilled water several times, and stored in 
the refrigerator in distilled water. 

Initial results were not reproducible when epi- 
dermal protein (hereinafter referred to as epidermin ) 
samples, prepared as described above, were incubated 
in an aluminum-containing medium. This lack of 
reproducibility may have been related to variations 
in the epidermin. The latter, in turn, may be re- 
lated to differences among animals due to age, sex, 
nutritional state, etc. To minimize these possible 
sources of nonuniformity in the epidermin samples, 
large amounts of pooled epidermis were lyophilized 
and minced. Epidermin samples prepared in this 
way yielded fairly reproducible sorption results, 
within 3%. 

Colorimetric Determination of Aluminum in 
Solution.—The determination of aluminum used is 
based upon the formation of a colored complex 
between aluminum and the ammonium salt of 
aurintricarboxylic acid (3-5). Measurements were 
made in a Beckman spectrophotometer at 530 my in 
a potassium acetate buffer, pH 3.7, after a three hour 
color development period. 


Amperometric Titration of Chloride.—The titra- 
tion of chloride in dilute solution was carried out 
using a AgNO, solution and a rotating platinum 
(indicator) electrode. The method is a modification 
of that described by Laitinen, et al. (6). 


Measurement of pH.—-Measurements were made 
with either the Beckman pH meter, Model G, or 
the Cambridge pH meter, Model R, with a stand- 
ard No. 1190-80 glass electrode. Since the alumi- 
num salt solutions were unbuffered, there was con- 
siderable galvanometer drift and it was difficult to 
obtain a stable pH reading. To diminish or elimi- 
nate the drift, pH determinations were made in the 
presence of approximately 0.015 M added KCL 
Hydrogen ion concentrations were determined from 
the pH meter readings, the ionic strength of the salt 
solutions, and the corresponding activity coefficients 
for hydrogen ion. 
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Incubation Procedure.—/Preincubation.—Preincu- 
bation of the epidermin constituted a pH equilibra- 
tion prior to incubation with an aluminum solution 
at the same pH. Seven ml. of an HC! solution (pH 
3.0-4.0) were added to each of four vials containing 
100 mg. of epidermin. The vials were preincubated 
for 15 minutes on an agitator. Aliquots were taken 
from duplicate vials 1 and 2, as well as from the ini- 
tial HCI solution, for pH and chloride ion deter- 
minations. 

Incubation—Two milliliters of AICI, solution 
(650 yg. of aluminum ion per ml.) were added to 
each of duplicate vials 3 and 4. The final concen- 
tration of aluminum ion was 144.4 yg. per ml. Vials 
3 and 4 were placed on the agitator and incubated 
for fifteen minutes. Aliquots were removed for 
pH, aluminum ion, and chloride ion determinations. 
An AICI; solution, designated ‘‘144,"’ was made by 
adding 4 ml. of AICI, (650 ug. per ml.) to 14 ml. of 
the initial HC! solution, and aliquots were taken for 
determination of pH, aluminum ion, and chloride 
10n. 


CALCULATIONS 


Aluminum Sorption Data.—The net change in 
concentration of aluminum ion may be computed 
from the concentration change occurring during the 
incubation period alone, i. e., the difference between 
the aluminum ion concentration of the “144” solu- 
tion, and the average concentration of aluminum 
ions in vials 3 and 4. For example when the alumi- 
num ion concentration' of the “‘144’’ solution was 
6.30 X 10~* M, the average concentration of alumi- 
num ions in vials 3 and 4 was 4.45 X 10~* M, and 
the volume of the incubation medium was 9 «al. 
The moles of Al*’* bound by 100 mg. epidermin may 
be computed as follows: [(6.30 XK 107% M) — 
(4.45 X 10-* (9 X L) = 1.66 X 10>. 
This figure may then be readily converted to 1.66 X 
10~* moles of Al** bound per Gm. epidermin. The 
results of these computations are assembled in 
Table I. 

Hydrogen Ion Sorption.—/Preincubation.—The 
sorption of hydrogen ion in this stage may be com- 
puted from the difference between the hydrogen ion 
concentration in the initial HCI solution and the 
average concentration of H * ions in vials 1 and 2 (1). 
For example, when (H*) was 4.7 X 10~* M in the 
original HCI solution, the average concentration in 
vials 1 and 2 after equilibration was found to be 
1.27 X 10°* M. Since the volume of the preincu- 
bation medium was 7 ml., the moles of H* bound 
per 100 mg. epidermin may be computed as follows: 
[(4.7 X 10-*M ) — (1.27 X M)} (7 X LL) = 
3.28 X 10°*. Consequently 3.28 K 10~* moles of 
H* must be bound per Gm. epidermin. 

Incubation —Hydrogen ion sorption in this stage 
may be computed from the difference between (H *) 
in the “‘144"’ solution and the average concentration 
of H* in vials 3and4(II). The net change in (H*) 
due to sorption of aluminum may be calculated 
from (11) minus (1). 

For example, in the experiments in which (H*) 
in the “144” solution was 2.9 K 10~* M, the aver- 
age concentration of H* in vials 3 and 4 was 9.6 X 


! These calculations are based upon the maximal alumi- 
num sorption which occurred at pH 3.51, with AlCls. 


TaBLe I.—Errect oF PH ON THE SORPTION OF 
ALUMINUM SULFATE AND oF ALUMINUM CHLORIDE 
BY EPIDERMIN 


Aluminum Sorbed 
(Moles X 10* per 
Final pH Gm. Epidermin)* 
A. Al(SO,)s 
46 + 0.04* 0.11+0.2 
26 + 0.18" 0.61+0.2 
21 + 0.06° 1.09+0 


B. AICI 
22 + 0.05° 04+0.04 
51 + 0.09* 66 + 0.05 
93 + 0.22 2320 04 
16 + 0.08 
10+0 12+0.04 
17+0 72+0 
30 + 0.07 29+ 0 


* Each pH measurement and the corresponding sorption 
result represent the mean + the standard deviation of the 
mean of 6 replications 

+ Each pH measurement and the corresponding sorption 
result represent the mean + the standard deviation of the 
mean of 3 replications 

© The incubation medium contained 144.4 gg. of aluminum 
ion per ml Each vial contained 100 mg. of guinea pig epi 
dermin in a total volume of 9 mi. Adjustment of pH was 
made with either HCl or NaOH. Incubation time, fifteen 
minutes; room temperature, approximately 25 


10-* M. The incubation volume was 9 ml. As- 
suming that no H* is produced or removed due to 
the hydrolysis of aluminum ion,? we may calculate 
the moles of H* bound by 100 mg. epidermin dur- 
ing incubation as follows: [(29 XK 10°-* M) — 
(9.6 X 10-* (9 X 10-°L) = 1.75 X 1076. 
Thus we obtain 1.75 X 10~* for the moles of H* 
bound per Gm. epidermin. 

On the basis of the above simplifying assumption, 
the moles of H* sorbed in preincubation minus the 
moles H * sorbed during incubation equals the moles 
of H* released by aluminum sorption on the epi- 
dermin. Thus, [(3.28 X 10~*) — (1.75 XK = 
1.53 X 10~* moles of H * released per Gm. epidermin. 

Chloride Sorption.—The net change in (Cl~) may 
be obtained in a manner analogous to that indicated 
for hydrogen ion. 

Preincubation——The chloride ion concentration 
in an original HC! solution was 1.94 K 10~* M, the 
average concentration of chloride ions in vials 1 and 
2 was 1.79 X 10~* M, and the volume of the prein- 
cubation medium was 7 ml. Thus, 0.11 X 10°5 
moles of Cl~ were bound per 100 mg. epidermin 
or 1.1 X 10~* moles of Cl~ were bound per Gm 
epidermin. 

Incubation.—The chloride ion concentration of 
the “144” solution was 1.680 X 107? M, the aver- 
age concentration of chloride ions in vials 3 and 4 
was 1.613 X 10~* M, and the volume of the incuba- 
tion medium was 9 ml. The Cl~ bound per 100 mg. 
epidermin = 0.060 X 10~* moles, or 6 X 10° 
moles of Cl~ were bound per Gm. epidermin. 

The net moles of Cl~ bound by the epidermin 
during incubation may now be computed: [(6 X 


? It is probably an oversimplification to assume that no 
H* is produced or removed by the hydrolysis of aluminum 
ion. However, the data are insufficient to calculate the con 
centration of Al(OH)** formed by the reaction of Al** with 
water 


be 
3 
4 
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10-5 moles Gm.~') — (1.1 K 1075 moles Gm. 
4.9 X 10~* moles of Cl 


= 
bound per Gm. epidermin. 


A summary of the above sorption computations 
will be found in Table II. 


TABLE II 


lon* Initial 


Hydrogen 3.29 X 10-5 
Chloride 13.6 x 10-5 


Hydrogen 2.61 X 
Chloride 151.0 x 10° 
Aluminum 5.67 X 
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the keratinous adsorbent. Thus, aluminum is 
bound strongly to callus keratin, which under polar- 
ized light, appears to be largely amorphous with 
some areas of low orientation. However, skin 


RELATIONSHIPS AMONG SORPTIONS OF HYDROGEN, CHLORIDE, AND ALUMINUM 
Ions BY EPIDERMIN 


Final Difference 


0.01 107% 
12.5 xX 10% 


w 


28 X 10-5 
i 


0.86 10° 1.75 10-5 
145.0 10° 6.0 xX 10-5 
4.01 X 10~* 1.66 X 10~* 


Net Change in Ionic Binding to Epidermin (Incubation difference minus preincubation difference ) 


Hydrogen 
Chloride 
Aluminum 


1.53 X 10° released 
4.9 X 10~* bound 
1.66 X 10~* bound 


Ionic Binding Ratios 
Aluminum /Hydrogen 


Aluminum /Chloride 
Chloride /Hydrogen 


* Data are expressed as moles per Gm. epidermin 


+ It should be noted that these ratios are computed from the 


another ion (hydrogen) 


RESULTS AND DISCUSSION 
Aluminum Binding Data 


Aluminum Binding to Human Keratin.— Micro- 
scopic examination under ultraviolet light showed 
appreciable amounts of aluminum bound to the 
keratin particles of callus previously treated with 
Al.(SO,); and then stained with 8-hydroxyquinoline. 
In similar experiments with keratin scrapings from 
the dorsum of the hand, lesser amounts of aluminum 
were bound. Aluminum sorption was observed only 
after the hand had been washed with lipid solvents. 
Since no aluminum was bound before washing with 
solvents, binding may have been hindered by the 
presence in skin keratin of lipid materials. Of 
course, solvent treatment could have resulted in 
some denaturation of the keratin even though it is 
an insoluble protein. 

Intact hair fibers showed no difference in fluor- 
«scence (visualized with Thioflavin TG) between 
aluminum salt-treated and untreated fibers. How- 
ever, in cross sections of hair fibers stained with 8- 
hydroxyquinoline very small amounts of aluminum 
were observed by ultraviolet microscopy. The 
aluminum was restricted to the cuticular substance 
of the fibers. 

It is thus evident that aluminum is bound to kera- 
tin: strongly to callus keratin, less strongly to skin 
keratin, and least to hair keratin. The amount 
of aluminum which is bound may be related to the 
degree of orderliness or close-packed orientation of 


sorption of one on (aluminum or chloride) and the release of 


keratin, a less ordered material than callus, binds 
less aluminum than does the latter. Hair, which 
has a high order of organization and orientation in 
many areas and offers a high degree of steric hind- 
rance, binds little aluminum, certainly less than 
callus and skin keratins. Further, in hair, alumi- 
num binding is restricted to the birefringent cuticle. 

Aluminum Sorption by Epidermin.— 7ime Data.— 
These experiments (in triplicate) were carried out 
at pH 3.5 and approximately 25° to determine the 
incubation time required to obtain maximal alumi- 
num sorption by the guinea pig epidermal adsorb- 
ent. The incubation medium contained 130 yg. of 
Al** (as AICI) per ml. Aluminum sorption by epi- 
dermin reached a maximum in fifteen minutes or 
less and remained at that level (8.46 + 0.61 XK 107% 
moles per Gm. epidermin) throughout an incubation 
period of 120 minutes. 

Aluminum Sulfate Sorption Data.—The relation- 
ship between pH of the incubation medium and 
aluminum sorption from Alo(SO,); is shown in Table 
I. It may be seen that as the pH of the medium was 
increased from 1.46 to 4.21 the amount of aluminum 
bound also increased from 0.11 X 10~* to 1.09 X 
10~* moles per Gm. epidermin. 

Aluminum Chloride Sorption Data.—The relation- 
ship between aluminum sorption from AICI, and pH 
is presented in Table I. The highest sorption, 
1.66 X 10~* moles per Gm. epidermin, occurred at 
pH 3.51 with sorption falling off sharply both above 
(pH 4.30, 0.29 X 10~* moles per Gm. epidermin) 


I 
=3 
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and below that pH (pH 2.22, 0.04 X 10~‘* moles per 
Gm. epidermin). 

A comparison of the sorption data obtained with 
the two aluminum salts (Table I) shows that the pH 
at which maximum binding occurs is different for each 
salt. With the sulfate 1.09 X 10~* moles per Gm. 
epidermin were sorbed at pH 4.21. This sorption 
level may or may not be maximal since the pH 
range was not extended above pH 4.21. With the 
chloride 1.66 X 10~* moles per Gm. epidermin were 
sorbed at pH 3.51. However, at pH 4.17 the AICI 
sorption level was at 0.72 K 10~* moles and fell to 
0.29 X 10~* moles at pH 4.30. It is pertinent to 
note that the ionization range of the carboxyl groups 
in various representative proteins lies between pH 
3 and pH 5(7). 


Interpretation 


The data clearly indicate the binding of aluminum 
by epidermal protein. However, it is difficult to 
determine the predominant form of aluminum ion 
which is bound. Although it is likely that Al** ion 
and its hydrolysis products, AKOH)** and Al- 
(OH).'* ions, interact with the epidermin, the pos- 
sibility of some selective process favoring the bind- 
ing of a specific cation cannot be ruled out. Such a 
process may depend upon steric factors and electro- 
static forces. 

If the net charge on the epidermin were negative 
prior to the binding of aluminum ion, Al** would be 
preferentially attracted to the carboxyl binding 
sites since it has the greatest positive charge. As 
a result of binding of Al’*, however, the charge on 
the epidermin would become less negative and 
could even be reversed into a net positive charge. 

Some selectivity in ion binding would also be 
exerted from the effect of pH upon the epidermin. 
At a pH below the iso-ionic point the net charge of 
the epidermin would be more positive. The lower- 
charge aluminum cations, Al(OH )** and Al(OH ),'*, 
would be bound in preference to Al’*. On the other 
hand, if the pH were increased, the negativity of the 
epidermin would increase and a binding preference 
for Al’*+ would be expected. Under the experi- 
mental conditions reported here, it is possible that 
all three of the ionic species of aluminum were sorbed 
by the epidermin. 

From the data in Table I, it may be seen that the 
binding of aluminum from AICl, passed through a 
maximum at pH 3.51 and fell off sharply on either 
side of that pH. This bell-shaped curve clearly 
suggests the participation of carboxyl groups in the 
binding process. At lower pH levels the more posi- 
tively charged epidermin exhibits a decreased 
avidity for aluminum ions. Furthermore, the high 
concentration of hydrogen ions keeps the carboxyl 
groups in the —COOH form. At higher pH levels, 
approaching pH 3.51, epidermin loses some of its 
positive charge, and the carboxyl groups become 
converted to the —COO~ state. As a result bind- 
ing of aluminum increases. At still higher pH 
levels, above pH 3.51, despite the increasingly 
favorable state of the epidermin, sorption falls off 
due to the formation of complex hydrolytic products 
of aluminum. 

A comparison of aluminum sulfate sorption data 
with those of aluminum chloride (Table I) indi- 
cates a considerable difference in the pH-dependence 


of binding. lIon-pair formation may be involved 
in this difference in behavior. Electrostatic attrac- 
tion between Al** and SO,*~ should be greater than 
between Al** and Cl~. At low pH’s, e. g., 3-4, the 
larger extent of pairing in the sulfate salt will keep 
the metal concentration and hence the binding to 
epidermin lower. However, at somewhat higher 
pH's, e. g., 4.2, greater ion-pair formation of the 
sulfate would decrease the extent of hydrolysis of 
the aluminum ion and hence allow more metal from 
sulfate than metal from chloride to be bound to 
epidermin, as is observed in Table I. Ultimately a 
pH would be reached where even Al.(SO,); would 
hydrolyze and binding to the epidermin should drop 
for it too; such a pH was not reached in these studies, 
but it is obviously above the pH of maximum bind- 
ing for AICI. 

The maximum amount of aluminum bound by 
the epidermin from aluminum chloride was 1.66 
10~* moles per Gm. epidermin (Table II). This is 
equivalent to 16.6 moles of aluminum per 100,000 
Gm. epidermin. Assuming that there are approxi- 
mately 60 free carboxyl groups per 10° Gm. epi- 
dermin,’ it appears that about three carboxyl 
groups may interact with each aluminum ion 
at the pH of maximal sorption. 


SUMMARY 


Aluminum ion is bound to human keratinous 
materials in the following decreasing order: 
callus > skin > hair cuticle. Aluminum inter- 
action with (guinea pig) epidermis is strongly 
dependent upon pH. The ionic species of inter- 
acting aluminum may include Al**, Al(OH)?*, 
and Al(OH),'*. The carboxylate groups of the 
protein are probably the primary sites of alumi- 
num sorption. Approximately 11 aluminum ions 
are bound per hydrogen ion released, 3 aluminum 
ions are bound per chloride ion bound, and 3 
chloride ions are bound per hydrogen ion released. 
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tamic acid, and amide N data obtained from the analyses 
of representative keratins (8-11) 


Separation of Some Hydroxyanthraquinones by 
Filter Paper Electrophoresis* 


By ALFRED C. CORE} and ERNST R. KIRCH 


A method has been developed for the separation of fourteen hydroxyanthraquinones 

by a hanging strip technique of filter ped electrophoresis. The separation has 

been applied to chloroform extracts of aloe, cascara, and senna. The method of 

hydrolysis used converts both anthrone- and anthraquinone-glycosides to hydroxy- 
anthraquinones. 


|.” sammscany METHODS may be found in the lit- 

erature for the qualitative, as well as the 
quantitative determination of the hydroxyan- 
thraquinone derivatives present in the vegetable 
laxative drugs. Most of the qualitative meth- 
ods involve the use of chromatography, either on 
columns or filter paper strips (1-3), while the 
quantitative determinations proposed include 
gravimetric (4), spectrophotometric (1, 2, 4), and 
biological (5, 6) procedures. 

This investigation was undertaken in an effort 
to accomplish a separation of several hydroxy- 
anthraquinone derivatives by means of electro- 
phoresis on filter paper, a method not previously 
reported for these compounds. 


EXPERIMENTAL 


Preparation of Hydroxyanthraquinone Deriva- 
tives.—All of the compounds investigated in this 
study were either obtained commercially or pre- 
pared by methods previously reported in the liter- 
ature, and were purified by recrystallization, fol- 
lowed by sublimation at 0.3 mm. Hg. 

Alizarin, anthrarufin, anthraflavic acid, chrysazin, 
purpurin, and quinalizarin were obtained commer- 
cially. Quinizarin was synthesized by the method 
of Bigelow and Reynolds (7). Chrysophanic acid 
was prepared from chrysarobin by the procedure 
of Gardner (8). A _ portion of the intermediate 
chrysophanic acid triacetate was oxidized to rhein by 
the method of Fischer and co-workers (9). Aloe- 
emodin was obtained by the method of Cahn and 
Simonsen (10). Anthragallol was synthesized by 
the method of Segui (11). Anthrapurpurin was 
isolated from a sample of ‘‘Alizarin Red-B Paste,””! 
and emodin from the bark of Rhamnus frangula by 
the methods of Hubacher and co-workers (6). 
Iso-emodin was isolated from Cascara sagrada by 
the process of Green and co-workers (12). 


* Received May 28, 1957, from the Department of Chem- 
istry, College of Pharmacy, University of Iinois, Chicago 12 

t Abstracted in part from a thesis presented to the Gradu 
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' Generously supplied by National Aniline Division, Allied 
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Preparation of Crude Drug Extracts.—Since the 
physiological activity of the vegetable laxative 
drugs, according to Fairbairn (13) and to Stoll and 
Becker (14), cannot be correlated with free anthra- 
quinone content of the drugs, it seems advisable to 
disregard such constituents in any chemical estima- 
tion of laxative potency 

For this reason, a method of extraction was em- 
ployed which would remove the free hydroxyanthra- 
quinones before extraction of the glycosides. 

One gram of the drug, in fine powder, was ex- 
tracted in a Soxhlet apparatus with 150 ml. of chloro- 
form, until the solvent remained colorless. This 
extract, containing the free anthraquinone deriva- 
tives, along with other chloroform-soluble coloring 
materials, fats, and oils, was discarded. The 
chloroform adhering to the crude drug was removed 
by drying the apparatus and thimble in air at room 
temperature. A mixture of 100 ml. of 95° ethanol 
and 50 ml. of distilled water was then used to ex- 
tract the drug completely. This extract, contain- 
ing the glycosides, along with some cleavage prod- 
ucts due to partial hydrolysis occurring during this 
operation, was further treated with hydrochloric 
acid and hydrogen peroxide in the manner reported 
by Fischer and Buchegger (4) 

Ten milliliters of hydrochloric acid and 2 ml. of 
30° hydrogen peroxide were added to the extract 
and the mixture refluxed on a steam bath for fifteen 
minutes. The solvent was then evaporated to a 
volume of 3-5 ml., after which 150 ml. of chloroform 
was added and the mixture refluxed for thirty min- 
utes. After separation of the chloroform layer, 
the aqueous portion was extracted with five 50-ml. 
portions of chloroform. The combined chloroform 
extracts were dried over anhydrous sodium sulfate 
and the final volume adjusted with chloroform to 
1,000 ml 

Electrophoresis.—The “hanging-strip’ method 
of filter paper electrophoresis described by Williams 
and co-workers (15) was employed in this investiga- 
tion.” 

Whatman No. 3 mm. filter paper strips, 3 x 30 cm., 
were used. The compounds were dissolved in ap- 
proximately 0.1 Af aqueous potassium hydroxide, 
and applied as narrow stripes across the centers of 
the strips. Solutions of the hydroxyanthraquinones 


*The apparatus used was a Spinco “Duostat’’ power 
supply and Spinco Model R, Series B Paper Electrophoresis 
Cells (Durrum Model) 
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from the chloroform extracts of the crude drugs were 
prepared as follows. 

An aliquot of the chloroform solution was shaken 
with successive small portions of approximately 
0.1 M potassium hydroxide solution, until the aque- 
ous layer remained colorless 

Electrophoresis was carried out with buffers of 
various pH values. In some cases, a constant po- 
tential was maintained between the electrodes, while 
in others, a constant current was maintained along 
the strips. 

At the completion of the run, the distances to 
which the compounds had migrated were deter- 
mined by means of a Beckman-Spinco ‘‘Analytrol.” 
In cases where the buffer was alkaline, the com- 
pounds were present as the highly colored anions of 
the sodium or potassium salts, and no development 
of color was necessary. In cases where the buffer 
was acid, however, it was necessary to develop 
the colored anions by spraying the strips with 10% 
ammonium hydroxide solution before analysis. 

Identification of the compounds was accomplished 
by running samples of the known compounds 
on separate strips in the same cell with the mixtures 
from the crude drug extracts. 

Of the various combinations of buffers and con- 
stant voltages or currents used, a barbital-sodium 
barbital buffer (0.01 M barbital and 0.05 M so- 
dium barbital), pH 8.6, ionic strength approxi- 
mately 0.05, used with a constant applied potential 
of 400 volts over a period of sixteen hours, gave the 
best results. The migration of the various hydroxy- 
anthraquinones under these conditions is shown in 
Table I. 

Table II shows the migration of emodin, aloe- 
emodin and iso-emodin with buffers of various pH 
values. 


DISCUSSION 


As shown in Table I, no two of the compounds 
displayed exactly the same migration. While some 
of the values appear to be rather close together, it is 
possible by the use of the ‘“‘Analytrol” to identify 
each compound in a mixture. This is in contrast 
to the results obtained by Shibata and co-workers (3) 
in paper chromatography of a similar series. They 
found that of 17 compounds studied, five failed to 
migrate at all, and many of the remainder had iden- 
tical Ry; values, mostly either below 0.05 or above 
0.89. 

Of particular interest is a comparison of the migra- 
tion distances of emodin, aloe-emodin, chrysophanic 
acid, iso-emodin, and rhein with those of the crude 
drug extracts. It should be noted that no spot 
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corresponding to chrysophanic acid was observed 
with any of the drugs examined. While this does 
not necessarily rule out the possibility of this com- 
pound being present, it may suggest that it is not 
present in sufficient amounts to contribute signi- 
ficantly to the physiological activity. This is in 
agreement with the findings of Gibson and Schwart- 
ing (1) and Brody and co-workers (2). The presence 
of only a single spot on the senna strips is accounted 
for by the fact that, upon oxidation, the sennosides 
form only rhein (14) and any other compounds pres- 
ent are in extremely small amounts compared with 
the sennosides. 


Tas_e I.—MIGRATION OF HYDROXYANTHRAQUI- 
NONES DURING ELECTROPHORESIS* 


Distance 


Melting Mi- 
Point,? grated, 
Compound Substituents mm 
Quinizarin 1,4-dihydroxy- 198-199 0* 
Alizarin 1,2-dihydroxy- 288-290 2 
Purpurin 1,2,4-trihy- 253-255 3 
droxy- 
Chrysazin 1,8-dihydroxy- 191-192 4 
Anthrarufin 1,5-dihydroxy- 279-280 5 
Iso-emodin 2,5,8-trihy- 184-186 6 
droxy-5- 
methyl- 
Quinalizarin 1,2,5,8-tetra- Above s 
hydroxy- 300 
Chrysophanic 1,8-dihydroxy- 194-196 9 
Acid 3-methyl- 
Anthragallol 1,2,3-trihy- 306-308 11 
droxy- 
Rhein 1,8-dihydroxy- 309-311 13 
3-carboxylic 
acid- 
Aloe-emodin 1,8-dihydroxy- 218-220 14 
3-hydroxy- 
methyl- 
Anthrapur- 1,2,7-trihy- 348-350 15 
purin droxy- 
Emodin 1,6,8-trihy- 257-259 18 
droxy-3- 
methyl- 
Anthraflavic 2,6-dihydroxy- 333-334 52 
Acid 
Aloe Extract 6, 14, 
17 
Cascara 
Sagrada 
Extract 6, 17 
Senna Extract 13 


* Barbital-sodium barbital buffer, pH 8.6, ionic strength 
0.05, constant potential 400 v., sixteen hours duration. 

+ All melting points uncorrected 

© Quinizarin failed to migrate in any of the experiments 
conducted. 


TaBLe II.—MuIGRATION OF EmMopIN, ALOE-EMODIN AND ISO-EMODIN IN BUFFERS OF VARIOUS pH VALUES 


pH 2 4.0 8.6* 8.66 9.2¢ 9.24 
Emodin 6 mm. 1 mm. 18 mm. 17 mm. 17 mm. 7 mm. 
Aloe-emodin 7 mm. 2 mm. 14 mm. 13 mm. 11 mm. 14 mm. 
Iso-emodin 6 mm. 0 mm. 6 mm. 8 mm. 6 mm. 4mm. 


© Sodium borate, 0.01 M. 
@ Barbital-sodium barbital, ionic strength 0.1. 


® Barbital-sodium barbital, ionic strength 0.05, sixteen hours. 
® Barbital-sodium barbital, ionic strength 0.08, twenty hours. 
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While the separation of the compounds was al- 
ways reproducible, the migration could not be shown 
to bear a linear relationship to time with the appa- 
ratus used. This is in accordance with the findings 
of other investigators in the field using similar ap- 
paratus (16, 17), and is explained by the lack of a 
uniform ratio of water to paper throughout the strip. 

A similar lack of linearity was encountered with 
the use of various potentials, and can be attributed 
to the same factor 

Results were reproducible when a constant po- 
tential was maintained, but the migration was found 
to be erratic when a constant current was passed 
through the strips. This is in agreement with the 
findings of Raymond (18). Since the migration of a 
charged particle in an electric field depends upon the 
field strength in volts per centimeter length of the 
paper strip between buffer surfaces, changes in the 
resistance along the strip will create a constantly 
varying potential in order to maintain a constant 
current. 

There does not seem to be a correlation between 
either the number of functional groups or their 
position on the molecule, and rate of migration. A 
possible explanation of this behavior may lie in the 
fact that all of the hydroxyl groups do not neces- 
sarily form salts at the pH of the buffer used. 

By the use of the extraction method reported here, 
the quantitative determinations are based only on 
glycosidal content. Other investigators have de- 
termined total anthraquinones content (1, 2, 19), 
and discarded the anthrones. In the case of cas- 
cara, Fairbairn has demonstrated (13) that free 
hydroxyanthraquinones contribute little if anything 
to the laxative potency of the drugs, while the an- 
throne glycosides do. Furthermore, Stoll and 
Becker (14) have found the chief active constituents 
of senna to be dianthrone-glycosides which are 
not readily converted to anthraquinone derivatives 
by acid hydrolysis alone. 

It seems advisable, therefore, that in any chemical 
estimation of the laxative potency of these drugs, 
the free hydroxyanthraquinone content be dis- 
regarded, and the anthrone-glycoside content, to- 
gether with hydroxyanthraquinone-glycoside con- 
tent, be used as the basis for assay. Since the an- 
thrones are readily oxidized to anthraquinones by 
hydrogen peroxide, extracts of the drugs may be 
prepared containing only hydroxyanthraquinones, 
but at the same time representing the total glycoside 
content. This is accomplished by adding the hydro- 


gen peroxide to the reaction mixture during hydroly- 
sis of the glycosides. Removal of free anthra- 
quinones may be achieved by a preliminary ex- 
traction of the drug with chloroform. 

A method of quantitive estimation, based on the 
fluorescence of the hydroxyanthraquinones found 
in the vegetable laxatives, is under study. 


SUMMARY 


1. Separation of fourteen different hydroxy- 
anthraquinones has been accomplished by the 
hanging-strip technique of filter paper electro- 
phoresis. While no linear relationship has been 
shown to exist between time and migration, the 
compounds have consistently migrated to the 
same relative positions on the paper. 

2. A method for preparing extracts of the 
vegetable laxative drugs containing these com- 
pounds for use in quantitative determinations is 
proposed. This method eliminates the free hy- 
droxyanthraquinone content, but converts the 
entire glycoside content to anthraquinones. 
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Excretion and Distribution Studies with 0-, m-, and 
p-Chloroacetanilide-Cl”* in Rats and Guinea Pigs* 


By MARY F. ARGUS, JOSEPHINE M. GRYDER, TREVA L. SEEPE, 
GEORGE CALDES, and FRANCIS E. RAY} 


o-, m- and p-Chloroacetanilide-Cl™ in methylcelluiose suspensions were injected in- 

traperitoneally into rats and guinea pigs. The excretion pattern of each isomer was 

determined and distribution studies of the three compounds in both species at vari- 
ous times after administration were compared. 


Ae has proved of value to man as an 

antipyretic and analgesic drug. The me- 
tabolism of acetanilide involves deacetylation and 
hydroxylation of the ring, with both p- and o-hy- 
droxyaniline being formed (1). J» vitro experi- 
ments with rat liver extracts have shown that 
ring substitution affects the extent of deacetyla- 
tion (2). Such substitution may also affect the 
position and extent of hydroxylation of acetani 
lide. This in turn would possibly alter the tox- 
icity and physiolcgical properties of the com- 
pound. Accordingly o-, m-, and p-chloroacetani- 
lide-Cl® were prepared (3, 4), and an excretion 
and distribution study with the p-isomer was 
first carried out using propylene glycol as an in- 
jection medium (3). It was later pointed out 
that this solvent is toxic to the experimental ani- 
mals employed and changes the blood picture in 
animals injected with p-chloroacetanilide (5). 
Rats and guinea pigs have been found to respond 
differently in their metabolism (6, 7) and detoxi- 
cation (8), and in their response to the carcino- 
genic action of such compounds (9). Species 
differences were also found in the excretion and 
distribution of p-chloroacetanilide in the previous 
study with propylene glycol solvent (3). 

The present study was undertaken to deter- 
mine the effect of the position of chlorine-ring- 
substitution in acetanilide on excretion and dis- 
tribution patterns. Both rats and guinea pigs 
were studied and each Cl*-compound was ad- 
ministered in methylcellulose suspension which is 
nontoxic at the levels used. 


EXPERIMENTAL 


The methods are the same as those previously 


* Received October 5, 1957, from the Cancer Research 
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reported (3) except for the following details  Fif- 
teen male stock guinea pigs (average weight 666 
Gm.) and twelve male Sprague-Dawley rats (average 
weight 338 Gm.) were employed. The chloroacet- 
anilide-Cl™®-isomers were suspended in 2°) aqueous 
methylcellulose (Methocel) in a concentration of 
25 mg. compound/ml. suspension. The specific 
activities of the injected compounds were: o- 
chloroacetanilide-Cl™, 70,452 d/m/mg.; m-chloro- 
acetanilide-Cl™, 138,160 d/m/mg.; p-chloroacetan- 
ilide-C1™, 85,837 d/m/mg. Excreta from one rat 
and one guinea pig injected with each compound 
was collected at one to twelve hour intervals over at 
least one hundred and twenty hours or until no 
activity was detectable in the urine and feces 
Distribution studies were carried out at the time of 
maximum excretion. Some studies were also made 
at intervals less than and greater than the peak 
excretion times 

Water washings from the abdominal cavity and 
organs were designated ‘‘abdominal fluid.” Resid- 
ual urine was added to the excreted urine. In 
some cases the gall bladder fluid of the guinea pigs 
was separately examined. The feces and contents 
of the gastrointestinal tract were dried at room 
temperature for forty-eight hours. Following re- 
moval of the organs, the bones were removed from 
the carcass and soaked for forty-eight hours in 
10% HCl. The carcass (skin, muscles, and sub- 
cutaneous tissue) was minced well with scissors and 
soaked for twenty-four hours in 20°, NaOH to 
facilitate disintegration. Prior to analysis the con- 
centration was reduced to that employed for the 
other organs. 

A 1-ml. portion of each sample was then placed on 
a stainless steel planchet and was dried at room 
temperature. The bones were minced with scissors, 
and enough 20% NaOH was added to the acid 
solution to bring the volume to the same proportion 
used for the organs and carcass. The mixture was 
homogenized and a 1-ml. portion plated as before. 
One-milliliter samples of urine, blood cells, blood 
plasma, abdominal fluid, and gall bladder fluid were 
plated directly on planchets. 

Urine standards were used for the urine, blood 
plasma, abdominal fluid, and gall bladder fluid. 
Total doses recovered from the blood were calcu- 
lated from blood volumes based on the average of 
6.7 ml. of blood per 100 Gm. of body weight (10). 
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RESULTS AND DISCUSSION 


Fecal elimination is the secondary route of re- 
moval of the monochloro, ring-substituted acetani- 
lides: the largest per cent of the administered dose is 
recovered from the urine. For each compound the 
per cent eliminated in the feces is greater for the rat 
than for the guinea pig (Table I). Peak excretion 
of o-chloroacetanilide in the urine occurs at six 
hours in the rat and at three hours in the guinea pig. 
Elimination from both species is complete at eighty- 
four hours (Fig. 1). The m-compound shows the 
same times of peak excretion, but traces of activity 
continue to be excreted five hundred hours after 
intraperitoneal administration (Fig. 2). The p- 
derivative does not reach a peak excretion in the 
rat and guinea pig until twenty-four and thirty-six 
hours (Fig. 3). Traces of activity are present in the 
urine at one hundred and twenty hours with this 
compound. Of the three, the o-chloro isomer is 
thus seen to be the most readily eliminated from the 
animal body. 

Metabolism of acetanilide occurs in the rodent 
principally by oxidation to p-hydroxyaniline (1). 
It is not surprising, therefore, that p-chloroacetani 
lide, in which the important p-position is blocked, 
reaches peak excretion later in the urine than the 
o- and m-chloro isomers. -Substitution also in- 
fluences the toxicity of the compound. Recent 
LDg studies with ring-substituted, chloroacetani- 
lide isomers in Sprague-Dawley rats gave the order 
of decreasing toxicity: p-, m-, o- (11). 

The time required for peak excretion of the p- 
compound by the guinea pig is 12 times that re- 
quired for the o- and m-compounds, while in the rat 
the p-isomer peak excretion time is only four times 
that needed for the o- and m-compounds. This may 
reflect differences in the hydroxylation mechanisms 
of the two species. Making use of this line of reas- 
oning Weisburger, ef al. (8), were able to demonstrate 
such a difference. They showed the presence of 
o-hydroxylated derivatives of 2-acetylaminofluorene 
in the urine of the rat but failed to find these deriv- 
atives in the urine of the guinea pig. These facts 
were used to explain the resistance of the guinea pig 


Taste I.—Per Cent oF ADMINISTERED Dose Ap 
PEARING IN URINE AND Feces OF RATS AND GUINEA 
Pics FOLLOWING INTRAPERITONEAL INJECTIONS OF 


Hours 


After 
Adminis % of Dose 
tration Isomer Species Urine Feces 
S4 Ortho Rat 87.22 0.68 
s4 Ortho Guinea 90.80 0.36 
Pig 
500 Meta Rat 40.56" 2.10 
500 Meta Guinea 97.16 1.06 
Pig 
120 Para Rat 2.77 5.56 
120 Para Guinea 87.83 F 
Pig 


In 5 rats the total recovery varied from 40.56% to 87 00% 
The time of peak excretion remained the same 
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Fig. 1.—-Urinary excretion of 100 mg. ortho-chlo- 
roacetanilide-Cl®/Kg. by the rat and the guinea 
pig. 
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Fig. 2.—Urinary excretion of 100 mg. meta-chlo- 
roacetanilide-Cl”™/Kg.by the rat and the guinea 
pig. 


GUINEA PIG 
RaT 


% OF DOSE 
+ 


12° 244 3% 4 6 
TIME (HOURS) 


Fig. 3.—Urinary excretion of 100 mg. para-chlo- 
roacetanilide-C1*, Kg. by the rat and the guinea 
pig. 


and the susceptibility of the rat to the carcinogenic 
activity of this compound (9) 

When p-chloroacetanilide was administered in 
propylene glycol, elimination was then more rapid 
in the guinea pig than in the rat. Peak excretion 
occurred for the guinea pig at twelve hours (75.7%) 
and for the rat at twenty-four hours (68.9%). 
The rat required eighty-four hours to eliminate 
completely the administered dose while the guinea 
pig required seventy-two hours (3). By comparison 
with the data obtained when this compound is 


‘ 
40 + 
“A 
A 
\ 
a4 396 108 
0-, m- AND P CHLOROACETANILIDE 


injected in methylcellulose suspension (Fig. 3), 
it is seen that the period required for total excretion 
is longer with the latter medium. For both species 
the per cent of administered dose recovered at the 
time of peak excretion is substantially less than that 
eliminated when propylene glyco! is the solvent. 
The effect due to the injection medium is more pro- 
nounced for the guinea pig than for the rat. 

The distribution of the three chloroacetanilides in 
the animal body at various times after injection in 
methylcellulose suspension is summarized in Tables 
II, III, and IV. The concentration of compound 
in the blood plasma exceeds that in blood cells in all 
cases except for the p-compound in the rat. This 
species difference in the handling of the most toxic 
isomer is also evident in the relative concentrations 
of radioactivity in the liver and kidneys. The 
guinea pig shows a higher level of p-compound in 
the kidneys than in the liver, while the rat localizes 
more of the p-isomer in the liver than in the kidneys. 
This retention by the kidneys of the guinea pig is 
reflected in the later peak excretion time for this 
species. On the other hand, the more rapidly 
excreted compounds (o- and m-) are present in 
greater concentrations in the kidneys than in the 
liver of both species at all of the times studied. 
The mechanisms for these compounds appear to be 
different. In the case of the p-compound the kid- 
neys seem to be the limiting factor in the guinea pig, 
while in the rat the rate of metabolism by the liver 
is probably the limiting factor. For the o- and m- 
compounds the kidneys appear to be the controlling 
factor. 

Although the compounds were injected into the 
peritoneal cavity, substantial amounts are found in 
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TABLE III.—D1strisuTION OF RADIOACTIVITY FROM 
m-CHLOROACETANILIDE-CL™ IN THE RAT AND 
GuInea Pic 3.5 anp 6 Hours AFTER INTRAPERI- 
TONEAL INJECTION OF 100 mMG./Ko. 


Concn. sg./Gm 


Tissue* % of Dose 
Guinea Guinea 
Rat, Pig, Rat, Pig, 
Tissue 6 Hr 3.5 Hr 6 Hr 3.5 Hr 
Blood cells 35.00 0.00 1.00 0.00 
Blood plasma 74.00 33.00 2.91 1.20 
Liver 60.00 13.00 2.20 0.45 
Spleen 30.00 28.00 0.03 0.02 
Kidneys 130.00 97.00 0.94 0.67 
Stomach 60.00 11.00 0.26 0.07 
Small intestine 180.00 160.00 2.80 2.00 
Cecum 47.00 58.00 0.14 0.48 
Colon 53.00 55.00 0.15 0.38 
Stomach con- 
tents 160.00 68.00 0.55 0.44 
Small intestine 
contents 260.00 1,500.00 0.26 2.50 
Cecum con- 
tents 230.00 330.00 0.55 4.50 
Colon contents 30.00 85.00 0.05 0.38 
Miscellaneous 0.70 23.00 0.04 0.93 
Abdominal 
fluid 64.00 177.50 0.83 1.70 
Bones 48.00 17.00 10.60 3.40 
Carcass 70.00 22.00 36.90 9.90 


the gastrointestinal tract. Largest recoveries are 
from the intestinal tract of both species at the short- 
est time intervals. 


-~DISTRIBUTION OF RADIOACTIVITY FROM o-CHLOROACETANILIDE-CL™ IN THE RAT AND GUINEA 


Pic 3, 6, AND 12 Hours ArTrer INTRAPERITONBAL INJECTION OF 100 MG./KG 


Concn. xg./Gm. Tissue* 


Rat-—- Guinea Pig 
Tissue 3 Hr.> 6 Hr.> 3 6 
Blood cells 2.13 0.65 0.80 0.35 
Blood plasma 4.65 5.90 7.80 5.00 
Liver 5.00 1.50 4.13 7.50 
Spleen 0.63 0.63 1.50 0.63 
Kidneys 13.50 4.13 18.38 13.00 
Stomach 1.00 0.63 4.38 1.63 
Small intes- 
tine 646 48 10.63 19.88 5.25 
Cecum 2.13 4.63 3.38 6.13 
Colon 2.48 3.63 2.00 1.63 
Stomach 
contents 9.75 11.00 132.50 109.75 
Small intes- 
tine con- 
tents 406.50 283.75 460.75 767.50 
Cecum con- 
tents 9.50 95.00 6.00 61.00 
Colon con- 
tents 4.25 134.25 6.75 10.50 
Miscellaneous 2.23 1.50 2.25 5.13 
Abdominal 
fluid 126. 50 1.00 1.00 2.35 
Bones 0.88 0.63 0.63 0.50 
Carcass 1.00 1.13 0.75 1.38 


of Dose 

— —Rat Guinea Pig . 

12 Hr Hr? 6 3 6 Hr.> 12 Hr 
0.60 0.07 0.03 0.11 0.02 0.02 

3.40 0.16 0.22 0.27 0.17 0.11 

2.75 0.21 0.07 0.21 0.30 0.11 

0.75 <0.01 <0.01 <0.01 <0.01 <0.01 

8.75 0.11 0.04 0.23 0.12 0.08 

1.50 <0.01 <0.01 0.04 0.01 0.01 

1.75 1.16 0.26 0.38 0.14 0.02 

3.50 0.01 0.02 0.07 0.09 0.04 

0.75 0.01 0.02 0.03 0.02 <0.01 

69.00 0.03 0.04 0.24 0.22 0.06 


0.18 0.14 0.08 
0.50 0.72 0.70 O55 0.85 0.38 


* Or ug./ml. blood cells or blood plasma. > Average value from 2 animals. 
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j 47.00 3.40 0.79 1.37 0.47 0.04 
| 10.00 0.03 0.27 0.04 0.48 0.02 
ae 76.50 <0.01 0.05 0.04 0.05 0.44 
2.50 0.07 0.06 0.09 0.25 0.12 
9 0 0 0 326 0 
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TABLE I1V.— DISTRIBUTION OF RADIOACTIVITY FROM ~-CHLOROACETANILIDE-CL™ IN THE RAT AND GUINEA 
Pic 6, 18, 24, AND 36 HOURS AFTER INTRAPERITONEAL INJECTION OF 100 mG./KG. 


Concn. ug. /Gm. Tissue* 
Guinea Pig 
18 


6 Hr.t 
3.75 
43.95 


Tissue 

Blood cells 60 
Blood plasma 7.7 00 
Liver 7 75.00 
Spleen 58.00 
Kidneys OF 
Stomach 7.5 75 42.7 
Small intestine 00 
Cecum 5.65 
Colon 7.50 
Stomach contents 25 
Small intestine 

contents 
Cecum contents 2.50 
Colon contents 2.25 
Miscellaneous 5.25 
Abdominal fluid 65 
Bones .25 
Carcass 80 
Gall bladder fluid 


€ 


- of Dose 
Rat Guinea Pig - 
6Hr.> 24 6 i18Hr.e 36 


02 03 


36 


Or ug./ml “blood cells or blood plasma 


The per cent of p-chloroacetanilide recovered 
from the carcass, bones, and miscellaneous organs is 
in general greater than that found for the o- and 
m-compounds. It appears that the p-isomer is 
stored to the largest extent before elimination, 
probably because chlorosubstitution in the p- 
position interferes with the rate of hydroxylation and 
conversion to the more soluble glucuronides and 
ethereal sulfates. 


SUMMARY 


1. The excretion and distribution patterns of 
o-, m-, and p-chloroacetanilide-Cl® were deter- 
mined in rats and guinea pigs following intraperi- 
toneal injection. 

2. The o- and m-isomers reached peak excre- 
tion more readily in the guinea pig, while p- 
chloroacetanilide reached a peak excretion in the 
guinea pig more slowly than in the rat. 

3. Species differences were observed in the 
distribution of the p-compound in the blood, 
liver, and kidneys. 


6 Average value from 2 animals. 


4. With all three isomers substantial amounts 
of radioactivity were found in the gastrointesti- 
nal tract of both species. 


5. p-Chloroacetanilide was retained by the 
carcass, bones, and miscellaneous organs to a 
greater extent by both species than were the o- 
and m-compounds. 
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7.75 0.76 
34.40 5.80 0.96 0.99 1.18 3.22 0.16 
74.50 9.00 3.80 4.20 2.86 2.49 0.33 
52.00 5.95 0.07 0.06 0.06 0.06 0.01 
108.00 12.50 0.47 0.48 O.81 0.86 0.11 
51.50 8.75 0.45 0.33 0.42 0.38 0.07 
59.00 7.45 2.52 2.13 0.22 0.96 0.12 
53.00 950 0.24 0.10 060 OB 0.11 
46.50 4.00 0.50 0.19 0.38 0.52 0.03 
598.00 88.00 0.11 0.61 0.02 0.31 0.05 
512.00 74.50 0.98 3.09 0.45 0.31 0.06 
313.50 61.00 0.30 0.45 1.60 2.27 0.50 
89.50 57.25 0.16 0.40 0.28 0.03 0.07 
101.00 7.50 5.92 4.35 2.96 4.10 0.28 
17.50 1.25 1.62 1.77 0.02 0.038 <0.01 
44.75 6.50 5.95 7.41 7.92 5.29 1.89 
166.35 15.05 49.34 10.02 74.44 53.39 4.14 
43.00 17.70 0.15 0.05 0.04 


Spectrophotometric Determination of Steroid Esters* 


By ARLINGTON A. FORIST and SUSAN THEAL 


Modifications of the hydroxamic acid pro- 
cedure for esters have been developed and 
applied to the determination of a variety of 
steroid esters. The methods presented are 
rapid, accurate, and precise (mean re- 
covery + standard deviation 99.9 + 1.4%). 


M* STEROIDS possess superior properties 

such as more efficient absorption or pro- 
longed duration of action when administered in 
the form of various esters. However, the usual 
assay procedures for such drugs do not include a 
determination of the ester content. In view of 
the significance of such a measurement, the 
general procedure of Goddu, LeBlanc, and Wright 
(1) has been modified and applied to the deter- 
mination of a variety of steroid esters as described 
herein. 


EXPERIMENTAL 


Reagents.—_(a) Hydroxylamine hydrochloride, 
12.5%, in methanol. This solution is about 1.8 M. 

(6) Sodium hydroxide, 12.5°), reagent grade, in 
85°, methanol. A sample of 12.5 Gm. of sodium 
hydroxide is dissolved in 15 cc. of water and, on 
cooling, the resulting solution is diluted to 100 cc. 
with methanol. This solution is about 3.1 M. 

(c) Ferric perchlorate, stock solution. An 800- 
mg. portion of iron powder is mixed with 3 cc. of 
water in a 50-cc. beaker. Ten cubic centimeters of 
70% perchloric acid and 7 cc. of water are then 
slowly added dropwise. If small particles of iron 
are not dissolved, the process may be hastened by 
gentle heating or the sample may be set aside over- 
night to allow complete solution. The resulting 
solution is quantitatively transferred to a 100-cc 
volumetric flask with anhydrous 2B ethanol and, 
with cooling under running tap water, gradually 
diluted to 100 cc. with anhydrous 2B ethanol 

(d) Ferric perchlorate, reagent solution. A 40-cc. 
aliquot of the stock solution is transferred to a 1-L 
volumetric flask followed by 12 cc. of 70% perchloric 
acid. The resulting solution is gradually diluted 
to 1 L. with anhydrous 2B ethanol with cooling 
under running tap water. The ferric ion concen- 
tration of this solution is 0.0057 M and the perchloric 
acid concentration is 0.16 M 

(e) Alkaline hydroxylamine reagent. Equal 
volumes of the 12.5% hydroxylamine hydrochloride 
and 12.5% sodium hydroxide solutions are mixed 


* Received October 3, 1957, from the Research Labora- 
tories, The Upjohn Company, Kalamazoo, Mich 


and the insoluble sodium chloride is removed by 
filtration through Whatman No. 40 paper. This 
reagent solution should be prepared immediately 
before use and is usable for four hours 

(f) Standard steroid ester solution. An approxi- 
mately 0.008 M solution of a standard sample of the 
steroid ester to be determined is prepared by dis- 
solving an accurately weighed sample in anhydrous 
2B ethanol and accurately diluting the resulting 
solution to an appropriate volume with anhydrous 
2B ethanol. 

Apparatus.—A Beckman Model B spectrophotom- 
eter with l-cm. cells has been employed for ab- 
sorbance measurements. A 50° constant tempera- 
ture water bath is required for Procedure B 

Procedure A.—An approximately 0.005 M solu- 
tion of the steroid ester to be determined is pre- 
pared by transferring an accurately weighed sample 
(45-60 mg. depending on the steroid ester involved) 
to a 25-cc. volumetric flask, dissolving in anhydrous 
2B ethanol, and diluting the resulting solution to 
25 ce. 

A 5-ce. aliquot of the sample solution is trans- 
ferred to a 50-cc. volumetric flask followed by 3 cc. 
of the alkaline hydroxylamine reagent. The solu- 
tion is mixed and reaction allowed to proceed at room 
temperature for from ten to sixty minutes depending 
on the nature of the steroid ester being determined. 
At the end of that time, the solution is diluted to 
about 40 cc. with the ferric perchlorate reagent, 
thoroughly mixed, and stored in the absence of 
light for about ten minutes. (Usually several 
samples are run simultaneously and each is brought 
to this stage before proceeding further.) The 
solution is then diluted to 50 cc. with the ferric per- 
chlorate reagent and thoroughly mixed. The 
absorbance of the resulting solution is measured 
within one hour at 530 mg in a I-cm. cell versus a 
reagent blank similarly prepared. The sample 
should be stored in the dark between the final dilu- 
tion and the absorbance determination. 

Two standard samples are run in parallel with the 
unknown. Five cubic centimeters of the standard 
ester solution are added to one 50-cc. volumetric 
flask; 2 cc. of the standard solution and 3 cc. of an- 
hydrous 2B ethanol are added to a second 5)-cc 
volumetric flask. Each sample is carried through 
the procedure described above 

The per cent of the desired steroid ester in the 
sample is calculated from the equation: 


d 00 
% Ester = Awe * 
530 


where 


Aso = observed absorbance at 530 my for the 
sample 

Qs0 = absorbance per mg. per cc. for the stand- 
ard at 530 my 

C = mg. of sample per cc. of solution 
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Procedure B.—A 5-cc. aliquot of the sample solu- 
tion, prepared as in Procedure A, is transferred to a 
50-cc. volumetric flask followed by 3 cc. of the alka- 
line hydroxylamine reagent. The solution is mixed 
and the tightly-stoppered flask is immersed in a 
50° constant temperature water bath for one hour. 
The flask is then removed and shaken under running 
tap water while the solution is diluted to about 40 
cc. with the ferric perchlorate reagent. The re- 
mainder of the procedure is the same as Procedure A, 
above. 


RESULTS AND DISCUSSION 


Various methods have been described for the de- 
termination of esters based on the production of 
hydroxamic acids (Eq. 1) followed by conversion of 
the hydroxamic acids to their highly colored ferric 
complexes (Eq. 2) (2-8). 


RCOOR’ + NH,OH ——— 


R—C-—-NHOH + R’OH (Eq. 1) 


H* 
R—C—NHOH + 1/nFe** 


R——C——-NH + H+ (Eq. 2) 


Fe/n 


Goddu, LeBlanc, and Wright (1) have recently 
made a thorough study of this reaction and have de- 
scribed an excellent general procedure for esters. 
However, reaction under reflux was required in order 
to measure the esters of aromatic and fatty acids. 
Since the present needs are more specific than gen- 
eral, less vigorous conditions have been sought 
which would yield a method more easily adaptable 
to the analysis of large numbers of samples. 

Formation cof hydroxamic acids from a group of 
steroid esters at room temperature is shown in 
Table I. Reaction with hydrocortisone acetate 
(FAc) and prednisolone acetate (A'-FAc) is com- 
plete within five minutes. In the case of hydro- 
cortisone cyclopentylpropionate (FCP) and predni- 
solone cyclopentylpropionate (A'-FCP), twenty to 
thirty minutes are required for complete reaction 
whereas 17a-acetoxyprogesterone (17-AcPr) gives a 
maximum yield of hydroxamic acid after forty 
minutes. In all cases, the hydroxamic acid is 
stable in the reaction mixture. Figure 1 shows a 
similar study with testosterone cyclopentylpropion- 
ate (TCP). With this ester, reaction at room tem- 
perature is incomplete even after one hundred min- 
utes, but at 50°, hydroxamic acid production is 
maximal within fifty minutes. In routine use, 
Procedure A is applied to steroid esters such as those 
shown in Table I where reaction is complete within 
one hour at room temperature. Other steroid esters, 
such as TCP, are determined by Procedure B. 
Conditions required for maximal production of 
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Fig. 1.—Production of hydroxamic acid from testos- 
terone cyclopentylpropionate. 


hydroxamic acids from the various steroid esters 
studied appear to reflect steric factors. 

The various ferric hydroxamates examined have 
shown absorption maxima at 530 my. Results in 
Table II show that ferric acetohydroxamate is 
stable under the conditions employed for at least 
one hour in the absence of light. Similar results 
have been obtained with ferric cyclopentylpropiono- 
hydroxamate. The ferric hydroxamates are photo- 
sensitive, however, and should not be exposed to 
direct light. 


Tas_e I.—PrRopucTION OF HypROxAMIC AcIDsS 
FROM STEROID Esters AT RoOM TEMPERATURE 


Absorptivity at 530 


Ac FCP 
89 
96 

94 


S-FCP 17-AcPr 


be 


to bo bo 


| 
| 


TaBLe or FERRIC 


Time After Addition Absorptivity 
of Fe(ClO,)s, min at 530 mye 
10 34 
20 37 
30 37 
40 36 
5O 37 
60 


* From 17-AcPr. 


521 
25 
20 
1.5 
Os30 
1.0 
oO 
7 
‘Time, 
min FAc A 
5 2.8: 2 
10 2.84 2 92 2.09 
20 2.83 2 iS 2.28 
30 2.82 2.90 21 2.33 
40 21 2.40 
50 22 «2.39 
ACETOHYDROXAMATE IN THE ABSENCE OF LIGHT : 
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Beer's law is obeyed for steroid ester concentra- 
tions of 0-0.01 M in the sample solution (A gj» 0—1.0). 
The response varies somewhat from day to day, 
however, and for maximum accuracy standards 
should be run in parallel with unknown samples as 
described above 

Representative data obtained in the application 
of Procedures A and B to standard steroid esters 
are presented in Tables III and IV, respectively, and 
indicate excellent accuracy and precision. Typical 
results obtained in the analysis of a group of 17a- 
acetoxyprogesterone samples by each of two opera- 
tors are shown in Table V. Agreement is excellent. 

The methods presented are rapid, accurate, and 
precise. Hydrocortisone gives less than 1% of the 
response obtained with its esters indicating no inter- 
ference due to the presence of nonesterified steroid. 
Other functional groups capable of yielding hy- 
droxamic acids under the conditions employed 
(such as anhydrides, acid chlorides, lactones, and 
imides) constitute positive interferences. High 
concentrations of carbonyls, transition elements, 


TERMINATION OF STANDARD STEROID 
A 


Steroid Taken, Found, Recovery, 

Ester mg. /ce mg. % 

FAc 2.63 2.63 100.0 
1.97 1.99 101.0 
1.31 1.35 103.1 
0.66 0.67 101.5 

A'-FAc 3.33 3.34 100.3 
2.66 2.68 100.8 
2.00 2.00 100.0 
1.33 1.33 100.0 


67 67 100 


FCP 3.41 3.45 101.2 
2.73 2.73 100.0 
2.05 2.03 99.0 
1.37 1.35 98.5 
0.68 0 66 97.1 
A'-FCP 3.21 3.23 100.6 
2.57 2.56 99.6 
1.93 1.90 98.4 
1.28 1.29 100.8 
0.64 0.62 96.9 
17-AcPr 4.09 4.11 100.5 
3.27 3.30 100.9 
2.45 2.42 98.8 
1.64 1.60 97.6 
0.82 0.82 100.0 


Mean + standard deviation 99.9 + 1.4 
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TABLE DETERMINATION OF STANDARD 
TESTOSTERONE CYCLOPENTYLPROPIONATE— 
Procepure B 


Taken, Found, Recovery, 
mg./ce mg. /ce 
3.23 3.28 101.5 
2.42 2.43 100.4 
2.02 2.03 100.5 
1.62 1.61 99.4 
1.21 1.21 100.0 
0.81 0.79 97.5 
0.40 0.40 100.0 


Mean + standard deviation 99.9 + 1.2 


TABLE V.—-ANALYsIS OF 17a- 
ACETOXYPROGESTERONE SAMPLES-—PROCEDURE A 


% 17-AcPr ~ 


Sample Operator A Operator B 
1 98.5 97.7 
2 100.0 99.4 
3 100.9 99.4 
4 100.3 99.7 
5 97.3 96.3 


and ions capable of forming complexes with ferric 
iron will affect the intensity of the color and should 
be avoided. 


SUMMARY 


Modified hydroxamic acid procedures have 
been developed and applied to the determination 
of a variety of steroid esters. The methods 
presented are rapid, accurate, and precise. 
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The Use of Microscopic and X-ray Diffraction 
Methods for the Identification of Sedatives 
and Anticonvulsants* 


By W. G. PENPRASE} and JOHN A. BILES 


Crystals of the newer barbiturates, the amides, and imides used as sedatives and anti- 
convulsants, were obtained by fusion, sublimation, crystallization from 50% alcohol, 
Photographs of the different 
X-ray 


and crystallization from concentrated ammonia. 
crystalline habits illustrate this method to be a useful means of identification. 
diffraction powder diagrams were made and the d-distances are repo: 


A RAPID METHOD of identification and differ- 

entiation of the barbiturates by microcry- 
stalline procedures was reported in 1956 (1). 
An additional report using similar methods was 
published (2). During the initial investigation 
of the identification of the barbituric acid deriva- 
tives, it was stated that work was being continued 
with the newer barbituric acid derivatives, the 
hydantoins and the nonbarbiturate sedatives. 
This communication covers the later work. 


EXPERIMENTAL 


The derivatives under consideration were isolated 
from the tablet, capsule, or injection in the manner 
described in the previous paper (1). It was found 
that isolation was successful by triturating the tab- 
let and by extracting the powder with diethyl! ether, 
if the dosage form contained only one active in- 
gredient Sublimation was performed on _ the 
Kofler block in addition to the melting points. It 
should be pomted out that the recorded melting 
points will vary, depending on the method used for 
determining melting points 

The amide or imide was fused on a microscope 
slide. Recrystallization from 50°, or 70°; alcohol 
and concentrated ammonia was performed on a 
microscope slide. 

In the first report water was used as a solvent 
rather than 50° alcohol. However, it was found 
that crystallization from 50-70% alcohol was more 
rapid and as useful for purposes of identification. 
The crystalline habits from 50% alcohol were dif- 
ferent in most cases than the crystalline habit 
obtained by using water as the crystallizing solvent 
The habits obtained from water and acetone were 
similar in most cases 

The X-ray method of analysis was discussed in 
the first paper (1). It was stated that “the repro- 
ducibility of the angles at which the peaks occur for 
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the same barbituric acid derivative on various runs, 
as here reported, is of the order of +0.1 degree.”’ 

The melting points of some of the amides and 
imides have been published in the literature. Since 
the melting point varies with the apparatus used, 
it was decided to report the melting points of all 
compounds studied. These are listed in Table I. 

The characteristic diffraction patterns were ob- 
tained by subjecting the powder to Cu K-alpha-radi- 
ation from the X-ray spectrometer and recording the 
diffracted radiation on a chart, using a modified 
GM tube with a recording potentiometer. The 
d-distances were calculated and are reported in 
Table II. The X-ray instrument used was a 
Morelco (North American Phillips Co.) Geiger- 
Counter X-Ray Spectrometer Type No. 12012, 
equipped with a recording potentiometer (Brown 
Electronik Strip Chart Pyrometer Single Point 
Recorder, High Speed), using a rotating specimen 
holder. 


DISCUSSION 


A discussion of the peculiarities of the following 
compounds was deemed desirable. 

Diphenylhydantoin.——Extraction from the tablet 
was easily accomplished by trituration followed by 
mixing with ether, decantation and evaporation of 
the supernatant solution. By the sublimation pro- 
cedure, characteristic orthorhombic-like crystals 
were obtained between 163-168°. At 245°, the 
crystals changed to needle-like rods. 

Mesantoin.—Extraction was accomplished di- 
rectly from the tabiets with ether. When mesantoin 
was dissolved in 70°) alcohol and allowed to evapo- 
rate on a shde, characteristic pseudohexagons were 
obtained following scratching of the siide. Similar 
crystals were obtained by dissolving the mesantoin in 
0.1N NaOH and precipitating with 1N sulfuric acid. 
If the slide was scratched following the addition of 
sulfuric acid, the size ef the crystals was ery small. 

Methsuximide.— When methsuximide was re- 
crystallized from 70% alcohol, pseudohexagons 
were obtained. The crystals became quite large 
when the alcohol was allowed to evaporate slowly. 
The ‘inclined faces’’ appeared to be beveled. The 
crystals were quite small and the beveling was not 
apparent if the solution was scratched after initial 
precipitation. 


Milontin.—Twinnirg appeared to te prevalent 
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Fig. 1.—Photomicrographs showing variation in crystal habits of barbituates. 
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Fig. 1.—Photomicrographs showing variation in crystal habits of barbituates. All magnifications x 45. 
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Photomicrographs showing variation in crystal habits of barbituates 


I.—MELTING PoINTs OF THE AMIDES AND IMIDES 


Chemical Name 


FROM 50% ALCOHOL FROM CONC. 


AMMONIA 


All magnifications K 45 


NM. 


Diphenylhydantoin 5,5-diphenylhydantoin 295-299 
Ethotoin 3-ethyl-5-phenylhydantoin 90-92 
Mesantoin 3-methyl-5-ethyl-5-phenylhydantoin 136-139 
Methsuximide N-methyl-a,a-methylphenylsuccinimide 52-52 .5 
Milontin methylphenylsuccinimide 72-73 
Phenacemide phenylacetylurea 203-206 
Primidone 5-phenyl-5-ethylhexahydropyrimidine-4,6-dione 289 
Trimethadione 3,5,5-trimethyloxazoline-2,4-dione 44.5-45 
Medomin 5-ethyl-5-( 1-cyclohepteny] )barbituric acid 169-171 
Metharbital N-methyl-5,5-diethylbarbituric acid 152-1538 
Talbutal 5-allyl-5-sec. butylbarbituric acid 98-101 
Thiamylal 5-amyl-5-( 1-methylbuty!) thiobarbituric acid 128-130 
Acetylcarbroma! N'-acetyl-N-bromdiethylacetylurea 108-110 
Carbromal bromdiethylacetylurea 114-117 
Bromisovalum 2-monobromisovalerylurea 153-154 
Ectylurea 2-ethylerotonylurea 189-191 
Glutethimide e-ethyl-a-phenylglutarimide 91-92 
Meprobamate 2-methyl-2n-propyl-1,3-propanediol dicarbamate 118-119 
Methyprylon 76-78 
Valmid l-ethinyleyclohexylearbamate 97-98 


when the milontin was crystallized from 70° alco- 
hol. Milontin showed no apparent solubility with 
0.1N NaOH as no precipitate followed with addition 
of sulfuric acid. The compound was extracted also 
directly from the tablet with diethyl ether or chloro 
form. When the ether or chioroform solution of 
milontin was allowed to evaporate, the solid material 
showed a faint yellow color. 

Phenacemide.—-The compound was extracted 
directly from the tablet with ether. After evapor- 
ation of the ether, the material had the appearance 
of asbestos fibers. When phenacemide was sub- 
limed, needles appeared at approximately 110°, 
changed to rhombic columnar crystals, with the 
reappearance of needles at approximately 175°. 

Primidone.—As illustrated in the photographs, 
characteristic crystals were obtained from alcohol 
Some rosettes of pseudohexagonal plates were 
observed. 


A's 


Trimethadione.— The very low melting point was 
characteristic. Cooling on an ice bath was necessary 
for fusion studies as well as crystal studies from 
alcohol and ammonia. A low controlled temper- 
ature was necessary to obtain sublimed crystals. 
Metharbital.—The compound was extracted di- 
rectly from the solid dosage form. The crystals 
obtained from alcohol were characteristic since the 
cleavage perpendicular to the long axis was often 
jagged. Swastika-like crystals were often obtained 
by dissolving the metharbital in 0.1N NaOH and 
precipitating with LN sulfuric acid; if this precipi- 
tation were performed on a slide followed by scratch- 
ing, crystals were obtained which were similar to 
those obtained from concentrated ammonia. 
Talbutal.—The characteristic crystals formed 
from the oily droplets in an alcoholic solution was 
one of the most satisfactory methods of identifica- 
tion. 
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Taste Il.—Tue p-DISTANCES FOR THE PURIFIED 
AMIDES AND Imrpes Usinc Cu K-aALpHa RADIATION 


Dipheny! Etho Mesan- Meth 
hydantoin toin toin suximide 
7.74 10.7° 6. 84° 10.6* 
6.84 §.31¢ 5.89 6.69 
5.33 4.69 5.08 6.35 
5.11 3.93 4. 59° 6.09 
4.89 3.62 4.20° 5.20 
4.36 3.51 3.92 5. 10° 
3.94° 3.28 3.62 4.86 
3.91* 3.15 3.40 3.76 
3.42 3.06 3.26 3.52¢ 
3.22 2.63° 2.66 3.37 
Phen Pri Trimeth 
Milontin acemide midone adione 
13.3 10.1 13.6 6. 45° 
8.32 8.40 6. 92° 5. 20° 
6.54 6.54 4.49 
6.31 5.44 6.24 4.438 
5. 34° 
§.21¢ 5.74 3.86 
4.19" 4.05 4. 59° 3.48 
3.89 4.16° 3.19° 
3.47 3.34 3.65 2.79 
3.39 3. 13° 3.44 2.76 
2.42 3.19 2.13 
3.02 
Meth 
Medomin arbital Talbutal Thiamylal 
15.3 8.78* 10.2° 12.7° 
6.71* 7.77 7.03° 
6.29 5.99 5. 76° 6.33° 
5.91 5.87 5.31 5.10 
5.16° 5. 76° 5.08 4.52 
4.34 5.37 4.51 4.22 
3.86 4.12 3.87 4.10 
3.37 
3.00 3.50 3.57 3.79 
2.81 3.29 3.52° 3.52 
3.11 3.34 3.16 
Acetyl Bromi- 
carbromal Carbromal sovalum Ectylurea 
6.49° 9.74 13.4 6.42* 
6. 39° 8.17 6.74° 5.13 
4.386 5.93 4.73* 
4.38 6.74 4.85 4.45 
4.22 4.47 4.56 3.92 
3.35* 4.30 4.34° 3.78? 
3.17 3. 86° 3.86 3.18 
2.82 3.81¢ 3.44 2.99 
2.41 3.28 3.08 2.72 
2.04 3.19 2.75* 2.68 
Glute Mepro- Methy- 
thimide bamate prylon Valmid 
10.3 14.1 6. 29° 12.5° 
7.23 8.21 6. 20° 5.47 
6.22¢ 6.95* 5.97 5. 36° 
6.01 4.71 5. 36° 5. 29° 
5.11* 3.94° 4.35 4.91 
4.59 3.70 4.03 4.10 
3.78* 3.5 3.42 
3.52 3.1: 3.47 3.20 
3.27 2.75 3.03 3.12 
3.20 2.37 8.52 3.08 
* Strong 


Thiamylal.—The material was extracted directly 
from the solid dosage form with diethyl ether. 
Dendritic crystals were obtained from the alcoholic 
solution. Leaflets were obtained in cluster form 
when crystallized from concentrated ammonia. 
The contrast of these leaflets was very low and 
suitable photographs were practically impossible. 
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Twinned crystals (perhaps elbow twinning) were ob- 
tained when a basic solution was acidified with sul 
furic acid in order to precipitate the compound 

Acetylcarbromal.—Characteristic “wheat bun 
obtained from an alcoholic solution 
dissolved on scratching. Rectangular plates, similar 
to those obtained from concentrated ammonia, were 
then observed. Crystals obtained by sublimation 
on the Kofler block were obtained more easily when 
a microscope slide was used rather than the hanging 
drop slide. 

Carbromal.—When the material was sublimed, 
needles (sheaths) appeared at approximately 80° 
As the temperature continued to rise, some rod-like 
forms appeared which did not melt even at 140° 
This was characteristic since the melting point of 
carbromal was 114-117°. 

Bromisovalum.—The formation of a larger num- 
ber of plates, as illustrated by crystallization from 
50% alcohol, was hastened by scratching the slide 
Similar plates were obtained by precipitating the 
material from a basic solution with sulfuric acid. 
When the compound was sublimed, platelets were 
first obtained; with continued heating needles were 
observed. 

Glutethimide.—-When the tablets were treated 
directly with 70° alcohol, platelets were obtained. 
Needles were obtained in addition to the plates when 
the ether extract was recrystallized with 70° alco- 
hol. As this aicohol was allowed to evaporate, 
crystallization continued on the platelets (pseudo- 
hexagons) and many varied crystalline shapes were 
observed. When the ether extract was dissolved 
in 0.LN NaOH and precipitated with 1N sulfuric 
acid, columnar-shaped crystals were obtained; 
needles were obtained on scratching the slide. 

Meprobamate.—Tie characteristic crystals for 
this compound were those illustrated in the photo- 
graphs from 50% alcohol and ammonia. Crystals 
from sublimation were not observed. 

Methyprylon.—Characteristic crystals from sub- 
limation were not observed. When sublimation was 
performed on the Kofler block and the slide was 
observed under 260 X magnification, small columnar 
(monoclinic ?) crystals were observed. An oil was 
obtained when the tablets were extracted with di- 
ethyl ether or chloroform; after standing and then 
scratching crystallization occurred. The crystals 
from 50° alcohol and concentrated ammonia were 
very characteristic. It was noted that the methy- 
prylon reacted with the lead when placed on the lead 
for X-ray diffraction study. It was noted also that 
pure methyprylon, when treated with a drop of gold 
chloride in phosphoric acid (1:20 HAuCl, in [2 + 1] 
H;PO,), formed columnar crystals. A similar reac- 
tion was obtained if the reagent was added to the 
tablet. 

Valmid.—Sublimation crystals were character- 
istic. When the Valmid was crystallized from 
alcohol, columnar crystals were observed. The 
columnar crystals resulted from the definite cleavage 
of platelets. Irregularly shaped crystals were ob- 
tained when the alcoholic solution was scratched. 
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Separation of 1,2,3-Trimercaptopropane from 
Dimercaprol by Partition Chromatography* 


By E. G. RIPPIE, A. A. KONDRITZER, and R. I. ELLIN 


A method is presented of separating mixtures of 1,2,3-trimercaptopropane and 


dimercaprol by means of a partition chromatographic column with an aqueous 


buffer solution as the internal phase and a mixture 


isopropyl ether and petroleum 


ether as the external phase. Dimercaprol, free of 1,2,3-trimercaptopropane, has 


A* EARLIER PUBLICATION from this laboratory 
(1) indicates the presence of a trithiol, 1,2,3- 
trimercaptopropane, as an impurity in every lot 
of 2,3-dimercaptopropanol (Dimercaprol, U. S. 
P. XV; British Anti-Lewisite; B.A.L.) investi- 
gated. Trimercaptopropane, on parenteral in- 
jection into rats and rabbits, has been found to be 
significantly more toxic than dimercaprol (2, 3). 
Two objectives of this investigation were the 
development of a method for the separation of 
trimercaptopropane from dimercaprol and the 
subserwuent preparation of dimercaprol free of the 
trithiol. Physical data can then be determined 
and more exacting specifications, including 
physical constants, established for dimercaprol. 


EXPERIMENTAL AND RESULTS 


Dimercaprol free of 1,2,3-trimercaptopropane is 
difficult to obtain by ordinary distillation procedures 
due to the closeness of their boiling points. A par- 
tition chromatography system was chosen as one 
most likely to assure separation of each component, 
as well as satisfactory recovery of the sample. 

Isopropyl ether was selected for trial as the eluant 
because of its protophilic properties. Since the tri- 
thiol compound is more acidic than dimercaprol a 
solvent of this type would be expected to favor solu- 
bility of the trithiol, whereas the aqueous phase 
favors solubility of the dimercaprol. However, us- 
ing only isopropyl ether as the eluant, complete 
separation was not accomplished. The addition of 
petroleum ether to the isopropyl ether markedly de- 
creases the solubility of dimercaprol, whereas it 
affects the solubility of trimercaptopropane to a 
lesser extent. With a 1:1 (v/v) mixture of petro- 
leum ether and isopropyl! ether as the eluant a very 
good separation of the two compounds was obtained, 
as shown in Fig. 1. 

Materials and Equipment.—Dimercaprol; 1,2,3- 
trimercaptopropane (4); silicic acid, Mallinckrodt, 
chromatography grade; chloroform, reagent grade; 
freshly distilled isopropyl ether; petroleum ether, 
washed with sulfuric acid and distilled between 35- 
50°; 0.2 M phosphate buffer of pH 6, containing 
0.1% sodium bisulfite; standard 0.1 N iodine solu- 


* Received January 27, 1958, from the Physiology Divi- 


of Medical Research, Army Chemical Cen- 
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been prepared and physical data are given. 


529 


tion. 


Small chromatographic tubes: 12 to 13 mm. 
internal diameter (1.D.) X 600 mm., constricted 
at one end into a short delivery tube, 5 mm. I.D 
Indentations were made near the lower end of the 
tube to support the silicic acid column. A glass 
rod, flared and ground to fit the tube, was used for 
packing the column. Large chromatographic tube: 
86 mm. 1.D. X 750 mm., constricted at one end into 
a short delivery tube of 15 mm. I.D. and with a sin- 
tered glass plate of coarse porosity above the de- 
livery tube to support the silicic acid column. The 
column was packed by means of a wooden rod fitted 
at one end with a wooden disk having a diameter 
slightly less than the internal diameter of the tube. 


z 5 


0.1L | | 


10 20 
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Fig. 1.—Partition chromatogram of a mixture of 
1,2,3-trimercaptopropane and dimercaprol. Phos- 
phate buffered solution was used as the internal 
phase; petroleum ether-isopropyl ether mixture 
(1:1 v/v) was used as the eluant. Fractions were 
3 ml. in volume. 


Preparation of Column.—Twenty grams of silicic 
acid were thoroughly mixed with 20 ml. of the phos- 
phate buffer containing bisulfite. The mixture was 
then made into a slurry by mixing with 100 ml. of 
chloroform. Successive portions of the slurry were 
poured into a small chromatographic tube, at the 
bottom of which had been placed a small plug of 
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glass wool. After each addition of the slurry the 
silicic acid was firmly packed by means of the ground 
glass plunger. A layer of liquid was always kept 
above the column to prevent the formation of air 
spaces. The column, usually 25-30 cm. in height, 
was washed free of chloroform with the 1:1 (v/v) 
petroleum ether-isopropyl ether solvent. 

Procedure.—-The solvent head was allowed to fall 
to the level of the silicic acid. Approximately 100 
mg. ot dimercaprol contained in two ml. of petroleum 
ether-isopropy! ether was placed on the column and 
the liquid was again allowed to fall to the level of 
the silicic acid. The walls of the column were rinsed 
with a 2-ml. portion of solvent. The rinsing was 
allowed to pass into the column before the chroma- 
tographic tube was filled with solvent. Three-ml. 
fractions were collected and analyzed for thiol sulfur 
content by titration with standard iodine and the 
elution curve determined (Fig. 1). A two-ml. ali- 
quot of the original sample, titrated directly with 
standard iodine solution, served as a check on the 
quantitative recovery of total sample 

Analysis of BAL by Partition Chromatography. — 
Four experimental samples were prepared by dis- 
solving dimercaprol and trimercaptopropane in the 
ether solvent mixture. Aliquots containing approxi- 
mately 100 mg. of dimercaprol and an amount of 
trithiol ranging from 10 to 55 mg. were analyzed by 
the above procedure. The results, in Table I, show 
that approximately 98% of the trimercaptopropane 
and 92-96% of the dimercaprol were recovered. 
On passing through the column both components 
are probably partially oxidized. Barron, ef al. 
(5), reported that trimercaptopropane and dimer- 
caprol were readily oxidized in the presence of trace 
amounts of copper, dimercaprol being oxidized 
twelve times as rapidly as trimercaptopropane. 
The silicic acid and buffer salts have maximum limits 
of heavy metal impurities that suggest the presence 
of catalytic quantities in the column. 

Analysis of laboratory and commercial lots of 
dimercaprol was carried out by taking three suc- 
cessive fractions: (a) a 20-ml. fraction containing 


TaBLe I.—EFFICIENCY OF SEPARATION OF DIMER- 
CAPROL AND 1,2,3-TRIMERCAPTOPROPANE BY 


Amt. in 

Weighed Amt Re 
Com Sample,> Found, covery, 

Sample ponent? mg mg % 
1 A 54.5 52.9 97.1 
B 100.8 92.9 92.2 
2 A 28.1 27.9 99.1 
B 100.3 92.3 2.0 
3 A 17.8 17.5 98.4 
B 85.5 82.7 96.7 
4 A 10.3 10.1 97.9 
B 107.8 99.5 2.3 


“ Components are designated as A, |,2,3-trimercaptopro 
pane, and B, dimercaprol 
+ Corrected for percentage of trithiol already present in 


dimercaprol sample used. 


the trimercaptopropane impurity; (6) a 3-ml. frac- 
tion which served as a check on the separation of the 
two components; and (c) a 40-ml. fraction containing 
the dimercaprol. Results are given in Table II. 

Preparation of Dimercaprol Free of Trimercapto- 
propane.— With the large chromatographic column, 
using fifty times the quantity of silicic acid, dimer- 
caprol, and other reagents used in the above pro- 
cedure, the same method of isolation was followed. 
The portion of eluate containing dimercaprol was 
carefully evaporated and the dimercaprol distilled 
under reduced pressure, b. p. 66-68°/0.2 mm. Hg. 
The refractive index was determined with an Abbe 
refractometer; N%S° = 1.5647. The thiol sulfur 
content was 51.8%; theory, 51.6%. 


TasLe II.—Recovery or 1,2,3-TRIMERCAPTOPRO- 
PANE FROM COMMERCIAL Lots oF DIMERCAPROL 


Trithiol Containing 


Sample Weight, Impurity Found, 
No mg mg Per Cent 
1 94.4 1.37 1.45 
2 91.6 1.54 1.68 
3 112.1 5.29 4.72 
4 96.5 8.06 8.35 
5 100.1 5.96 5.95 
6 116.4 7.38 6.34 
7 91.7 2.60 2 84 
Ss 91.0 0.66 0.73 
94.5 3.78 4.00 
10 98 .7 2.59 2.63 
ll 116.9 3.88 3.32 
12 102.5 4.29 4.19 
SUMMARY 


A partition chromatography method of sepa- 
ration of 1,2 3-trimercaptopropane from dimer- 
caprol on a laboratory scale has been presented. 
The method has been applied to the estimation 
of the trithiol present in various laboratory and 
commercial preparations of dimercaprol. Di- 
mercaprol, free of trimercaptopropane, has been 
prepared and some physical constants deter- 
mined. 
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Bactericide/Leukocide Ratio: 


A Technique for the 


Evaluation of Disinfectants* 


By LEO GREENBERG and JAMES W. INGALLS 


A rapid and simple method for the evaluation of antiseptic substances, using animal 


leukocytes is descri 


A comparison 


een the bactericidal and leukocidal 


concentrations of a given compound yields a relative measure of the toxicity of the 
test substance, and under the test condition, only gentian violet, Chlorox, and 
Isodine, of fifteen compounds tested, show a lower toxicity to phagocytes than to 


bacteria. 


The method described should prove valuable for small laboratories or 


for rapid evaluation of new compounds, although values so obtained cannot be the 
sole criterion for the a. of = effectiveness or usefulness of a wound 
isinfectant. 


ae 1931, the testing of disinfectant sub- 
stances in the United States has largely been 
carried out by the U. S. Food and Drug Admini- 
stration method, commonly referred to as the 
phenol coefficient technique. Results obtained 
by this method have been seriously criticized on 
several grounds, not the least of which is the 
presuzned lack of practicality. 

To meet this criticism, a number of in vivo 
testing methods have been devised for use in the 
evaluation of germicidal materials, some of the 
best known being the mouse tail amputation 
method (1), the white mouse skin test method 
(2), and the chorionic-allantoic egg membrane 
method (3). Since these methods in turn yield 
little information concerning the relative toxicity 
of the compound being tested, still other evalua- 
tion procedures have been suggested. These 
include the use of embryonic chick heart fibro- 
blasts (4-7), the abdominal wall of white rabbits 
(8), rabbit spleen cells (9), spindle cell and perios- 
tial cell cultures (10), and manometric measure- 
ments of mouse liver cells (11). 

Nye (12) in 1937 proposed that the toxicity of 
antiseptics be determined against leukocytes, and 
a complex technique for such determinations has 
been developed by Welch, et a/. (13, 14). This 
technique involves the preparation of artificially 
opsonized staphylococci, special rotating machin- 
ery and an incubation period beyond the time in 
which antiseptics are normally in active contact 
with tissues. Since these studies, little attention 
has been paid by research workers to the use of 
white blood cells as a substrate for the measure- 
ment of chemical toxicity, and at least part of 
this apathy may be ascribed to the complexity of 
the procedures involved. 


* Received November 21, 1957, from the = te of 
Microbiology and Pharmacology, Brooklyn College of Phar- 
macy, Long Island University, Brooklyn, N. ¥ 


Since leukocytes represent a readily available 
source of cellular material, they would appear to 
be a more suitable source of tissue cells for use in 
routine analytical procedures than embryonic 
chick heart fibroblasts or other materials used in 
toxicity testing. Moreover, leukocytes themselves 
represent a major part of the iniection process, a 
process which disinfectant substances are designed 
toinfluence favorably. A substance which signif- 
icantly affects the phagocytic process affects the 
body's defense against pathogenic microorgan- 
isms, and a germicide whose toxicity to this vital 
cellular defense mechanism is far greater than its 
toxicity to bacterial pathogens may reasonably 
be expected to alter, to a greater or lesser degree, 
the body’s resistance to bacterial invasion. 

In view of this, the purposes of this investiga- 
tion were first, to develop a simplified method for 
the determination of chemical toxicity to leuko- 
cytes which might routinely be used by small 
laboratories for the evaluation of wound disin- 
fectants, and secondly, to determine through 
the use of such a technique, the bactericidal and 
leukocidal values of some of the most commonly 
used wound disinfectants (several selections are 
of historical rather than current interest). 


METHODS AND MATERIALS 


Commercial disinfectants used in this study were 
purchased locally or prepared with reagent grade 
ingredients... Dilutions were prepared with sterile 
pipets and glassware using sterile isotonic saline. 
The bacterial culture used was a stock culture of 
Micrococcus pyogenes var. aureus (209P) originally 
obtained from the American Type Culture Collec- 
tion and maintained by serial transfer on FDA agar 
slants. As needed, a small loopful of surface growth 
was transferred to a tube of sterile FDA broth and 
incubated at 37° for six hours. One loopful of this 
broth was then inoculated into fresh sterile FDA 
broth and incubated at 37° for eighteen hours. 
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Preliminary study showed that such broth tubes 
contained approximately 300,000,000 organisms per 
ml. regardless of the size of the initial agar slant 
inoculum. 

Bactericidal values were determined by pipetting 
0.2 ml. of eighteen-hour broth culture of the test 
organism into sterile Wasserman tubes and adding 
1.0 ml. of the appropriate dilution of the disinfectant 
at 37°. The contents of the tubes were well mixed 
and kept for exactly ten minutes at 37° after which a 
4 mm. loopful was removed and transferred to tubes 
containing 2.0 ml. of sterile FDA broth. In the case 
of mercurial disinfectants, thioglycollate broth was 
used to eliminate the bacteriostatic effect of the 
metal. All runs were done in duplicate and checked 
a week later to verify results obtained. 

For testing leukocyte toxicity, fresh blood was 
obtained by cardiac puncture or from the vena cava 
of young male rats under light ether anesthesia 
and defibrinated by whipping gently. Routine 
white blood cell counts were done to eliminate grossly 
abnormal animals; counts on blood so obtained 
averaged slightly below published normals for rat 
blood, presumably due to the loss of some leukocytes 
in the removal of the clot. It should be pointed out 
that rat blood was chosen for use in this study only 
because of its availability; random observations 
indicated that human, guinea pig, or rabbit leuko- 
cytes each yield consistent values, although such 
values differ from species to species. 

One-fifth milliliter of blood was pipetted into 
sterile 50-ml. centrifuge tubes and 1.0 ml. of the 
appropriate dilution of the disinfectant at 37° 
added. Tubes were well mixed and maintained at 
37° for exactly ten minutes. Approximately 50 
ml. of warmed sterile isotonic saline was added, 
stirred, and immediately centrifuged for thirty 
seconds at high speed, the supernatant fluid being 
drawn off and discarded. This washing was re- 
peated twice more to remove all traces of the disin- 
fectant. 

Survival of leukocytes was measured by the 
ability of polymorphonuclear neutrophils to phago- 
cytize a bacterial suspension prepared by adding 1.0 
mil. of eighteen-hour broth culture of M. aureus to 


3.0 ml. of sterile rat serum and incubating for at 
least four hours prior to use. One-tenth milliliter 
of this suspension was added to the cellular sedi- 
ment in the centrifuge tubes, mixed well, and in- 
cubated at 37° for one-half hour. After this time, 
a loopful of the mixture was removed, smeared on 
sterilized glass slides, stained with Wright's stain 
for one minute, buffered with Wright's buffer for 
four minutes, rinsed in tap water for thirty seconds, 
dried, and examined under oil immersion. Ten 
typical polymorphonuclears were counted for bac- 
terial inclusions, a total ingestion of ten or more 
bacteria in the cells counted being taken as an indi- 
cation of phagocytosis, and hence, survival. Nor- 
mal controls were run simultaneously with each set 
of leukocidal values to verify the phagocytic powers 
of the blood being used. 


RESULTS AND DISCUSSION 


The bactericidal values for the fifteen disinfectants 
tested are listed in column 1 of Table I. Since the 
dilutions which were used in the evaluation of these 
substances varied, the highest determined concentra- 
tion in which growth was obtained is also listed (col- 
umn 2). It seems reasonable to suppose that were 
additional dilutions made in the range between the 
two determined values, the bactericidal point would 
be slightly altered in some cases. 

Inspection of the data reveals that gentian violet, 
tincture of Zephiran, tincture of iodine, and tincture 
of Merthiolate rank highest in germicidal efficiency 
of the pure compound. That these latter results 
are not due to the effects of the alcoholic vehicle can 
likewise be determined. The complete ineffective- 
ness of tincture of green soap and mercurochrome 
to show germicidal activity under conditions of 
this technique would appear to be somewhat sur- 
prising, as is the relatively poor showing of bichlo- 
ride of mercury. If this table is viewed in the light 
of commonly used strengths of these disinfectant 
substances, it would appear that Lysol, Clorox, 
gentian violet are most germicidal, followed closely 
by tincture of iodine, Isodine, and tincture of Zephi- 
ran in descending order. 


Taste I. 
Bactericidal Growth Leukocidal Phagocytic B/L 

Compound Dilution Dilution Dilution Dilution Ratio 
Clorox 1:100 1:150 1:50 1:100 0.5 
Ethanol (95%) F.S.* 1:2 1:5 1:10 5 
Green Soap Tincture F.S.1° F.S.* 1:500 1:1,000 
Gentian Violet 1:10,000 1:15,000 1:4,000 1:5,000 
Hydrogen Peroxide (6%) F.S.* 1:2 1:10 1 
lodine Tincture 1:70 1:85 1:2,000 1 
Isodine 1:55 1:70 1:50 1 
Lysol 1:100 1:150 1:3,000 1: 
Mercuric Chloride 1:100 1:200 1:20,000 BS 
Mercurochrome F.S.1° F.S.* F.Ss. 1° F 
Merthiolate Tincture F.S.* 1:2 1:20 1 
Phenol (abt. 90%) F.S.* 1:10 1:1,000 1 
Potassium Permanganate 1:100 1:200 1:2,000 1 
$. T. 37 1:2 1:4 1:2 1 
Zephiran Tincture 1:10 1:25 1:50 1 


*F.S. =fullstrength 6 F.S.I. = full strength ineffective. 
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The leukocidal concentrations of the disinfect- 
ants tested are listed in column 3, and the maximum 
tested concentration of the compound permitting 
phagocytosis is likewise indicated. Again it should 
be pointed out that were determinations made in 
the gap between these two values, the leukocidal 
point would probably shift in certain cases. 

Column 5 indicates the bactericidal /leukocidal 
ratio of each of the compounds tested. Theoretically 
as with all toxicity indexes, the lower the ratio, the 
safer the compound for routine use as a wound dis- 
infectant. The relatively high value obtained for 
iodine tincture contrasts sharply with the lack of 
cellular toxicity previously reported (13), and the 
result for Clorox does not bear out previous re- 
ports of high leukocyte sensitivity to chlorine com- 
pounds (12). As the results indicate, only gentian 
violet, Clorox, and Isodine are less toxic to white 
blood cells than to bacteria, while classic disinfect- 
ant substances such as phenol and mercuric chloride 
evidence inordinate leukocide properties. 

However, the limitations of this and other toxicity 
studies must be carefully identified. Under prac- 
tical conditions of disinfection, there is little doubt 
that phenol is effective, despite its evident cellular 
toxicity. Moreover, it would appear quite unlikely 
that the local destruction of phagocytic cells in a 
wound will long affect the healing process, since 
for all practical purposes the body's supply of leu- 
kocytes is unending. It has even been shown (15) 
that the presence of mercuric chloride may actually 
raise rather than lower the ability of phagocytes to 
engulf bacteria. Thus, the technique described 
here is not a substitute for clinical evaluation nor 
an infallible guide to the selection of nontoxic disin- 
fectants. It is rather to be regarded as a simpli- 
fied and rapid method for obtaining one small part 
of the profile of potential disinfectant agents; in 
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the final analysis, it is the entire profile on which 
the use or non-use of the comp2und tested must 
be based. 


SUMMARY 


1. A rapid and simplified modification of ear- 
lier techniques for the comparison of bactericidal 
and leukocidal values of wound disinfectants has 
been described. 

2. Under the test conditions, only gentian 
violet, Clorox, and Isodine, of the disinfectants 
tested, are less toxic to leukocytes than to bac- 
teria. 

3. The limitations on the use and significance 
of the test procedure have been discussed. 
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A Note on a New, Versatile, Photoelectric Cell Drop Counter* 


By RICHARD F. CHILDS and ALBERT L. PICCHIONI 


HE NEED for an efficient, inexpensive, drop 
counter is frequently encountered in the labora- 
tory. Although many instruments designed to count 
drops have been reported, the majority of them when 
used are limited with respect to such factors as rate 


* Received January 14, 1958, from the College of Phar- 
macy, University of Arizona, Tucson. 
mted at the Section on Pharmacy, A.A.A.S., Indian- 
apolis meeting, December, 1957 


of falling drops, viscosity, and electrolyte content of 
the fluid. The photoelectric cell counter, such as 
that employed with chromatographic fraction collec- 
tors, does not possess these limitations; however, 
commercially available productions are expensive. In 
addition, it has been the experience of one of the 
authors that some of these counters require consider- 
able adjustment before and during use in order to 
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insure that the drops fall directly into the light beam 
impinging on the photocell. 

Through the use of an inexpensive, miniature, 
transistor photodiode, and a new principle for acti- 
vating this photocell, an economical, highly efficient 
drop counter has been produced. The instrument 
consists of two separate units—the “Sensor” and 
“Recorder.” As illustrated in Fig. 1, the former is 
comprised of a cadmium sulfide photodiode, a glass 
dropper tube, and oblique and frontal light sources 
consisting of 3-volt flashlight bulbs each of which is 
coated in such a manner as to form a small slit 
yielding a narrow beam of light. The oblique light 
beam is directed at a 60° angle to strike beneath 
the photocell. When the parallel light source is 
used, the light beam is intentionally made to strike 
the small photodiode window. The Recorder unit 
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R-1 of the Recorder unit. The starter anode (grid) 
of VT-1 in the Recorder unit obtains its voltage from 
a voltage divider comprised of R-2, the photodiode, 
and R-4. When the window of the photodiode is 
dark, the resistance of the voltage divider is high and 
the starter anode voltage too low to allow VT-1 to 
draw plate current. When light strikes the window, 
however, the resistance of the photodiode drops, 
thereby increasing the voltage across R-4. At this 
time VT-1 conducts plate current through the spring- 
loaded relay counter. Occasionally, it is necessary 
to count drops of an opaque liquid. In such cases, 
the frontal light source is selected by adjusting SW-2 
of the recorder unit. An opaque drop falling from 
the glass tube interrupts the light beam directed into 
the window of the photodiode causing a marked light 
intensity differential which activates the cell. 
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Fig. 1.—Sketch illustrating relationship of elements of the Sensor unit on the left and schematic diagram for 
the complete photoelectric cell drop counter, including the Sensor and Recorder units, on the right. 


consists essentially of a R.C.A. No. 5823 cold 
cathode thyratron tube (VT-1) and a Mercury 110 
volt a.-c. relay counter, which has been modified by 
attaching a Walsaco No. 7400F dial drive spring to 
the ratchet arm to facilitate operation of the counter 
directly from the plate current of VT-1 

By referring to Fig. 1, the principle of operation 
of both units of the drop counter can be explained. 
When a transparent or translucent liquid drops from 
the glass tube in the Sensor unit, light rays from the 
oblique light beam pass through each drop and are 
refracted. The result is a magnified bright circle of 
light which sweeps the small photodiode window 
This sharp contrast of lighting is very effective for 
activating the cell. The optimum oblique light 
intensity for a given liquid is calibrated by adjusting 


A desirable feature of this instrument is the close 
proximity and permanent positioning of the compo- 
nents of the Sensor unit (Fig. 1). Such an arrange- 
ment obviates the need for repeated adjustments 
before and during use of the drop counter. The 
Sensor unit is also designed so that the drops may be 
collected in a graduate for volume measurements if 
desired. Further, the instrument is applicable for 
measuring fluid inflow, since the drops passing 
through the Sensor unit are neither mechanically 
damaged nor chemically contaminated. 

The drop counter is capable of accurately record- 
ing drops of liquids at rates varying from 0 to 700 
per minute. The authors have found the instru- 
ment very satisfactory for determining the rate of 
perfusate flow in such studies as coronary perfusion 
of the Langendorff heart preparation. 
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eames et al. (1), and Amin, et al. (2), used the 
atropinized estrous uterus of the rat as a sen- 
sitive organ for the bioassay of serotonin (5-hydroxy- 
tryptamine). Barkhan (3) correlated the uterine 
spontaneous activity with the vaginal smear cytol- 
ogy of Long and Evans (4). He found that spon- 
taneous activity was at a minimum and sensitivity 
to serotonin at a maximum during Stage II of the 
estrous cycle. Leitch, ef a/. (5), used the same 
vaginal smear technique to determine the stage of the 
estrous cycle in rats prior to sacrifice. 

In an attempt to prolong the period of sensitiza- 
tion, Sprague-Dawley rats were injected subcutane- 
ously with a microcrystalline estradiol suspension 
(Estrol A. S., Trico Pharmaceutical Co., Los Angeles) 
in doses of 100 to 600 yg. per rat. In over 60 
rats sacrificed at various times after such injections, 
uteri suitable for bioassay were obtained even though 
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Note on Sensitivity of the Isolated Perfused Rat Uterus to Serotonin* 


By JAMES L. LEITCH, DAVID MARYN, and JEANETTE B. MOORE 


REPRESENTATIVE DATA ON THE RELATIONSHIP OF Estrous CYCLE AND SENSITIVITY OF RAT 
UTrEeRvs TO SEROTONIN 


According to Long and Evans (4), the vaginal 
smear cytology is directly correlated with uterine 
condition, Stage II being characterized by (@) maxi- 
mal swelling of vaginal orifice, (5) cornified cells in 
the vaginal smear, and (c) maximal uterine disten- 


tion (5 mm.). The data in Table I show that 
after pretreatment with estradiol the condition of 
the uterus is not specifically indicated by the vaginal 
smear cytology. Although the vagina apparently 
continues through successive stages of the cycle, the 
uterine horns, as indicated by their degree of disten- 
tion, are maintained in Stage II, for three and pos- 
sibly four days after the injection. Swelling of the 
vaginal orifice seems to follow more closely the uter- 
ine condition. This swelling, rather than the vaginal 
smear cytology, might be more useful as a gross 
external sign for determining whether or not a given 
rat would be suitable for serotonin bioassay. 


Estrous Cycle Data - 


Uterine 
Rat Dose Time Vaginal Horn Sensitivity 
Weight Estradiol, Used, Orifice Smear Diam., ae 
Gm “Es Days* Swelling Cytology mm Stage Serotonin 
197 600 4 IV or in- Interval 2 ag Unsatisfactory 


222 600 1 Il 
248 600 2 Il 
263 600 3 Il 
263 600 4 Il 
286 400 1 Il 
218 400 2 Il 
225 400 4 Il 
213 400 4 I or I\ 
257 200 1 I\ 
213 600 1 II 


“ Number of days from the day of injection of estradiol. 


Il 5 Il 4to8 ng. 

Ill 6 II 4to8 ng. 

IV 7 II 4to8ng. 

Interval 8 II 4to8 ng. 

I 3-4 Il 4to8 ng. 

Il 4 II 4 to 8 ng. 

IV 4 II 4to8ng 
Interval 2 od Unsatisfactory 
II 2 ad Unsatisfactory 

II 4 


II 4to8 ng. 


> Tne small diameter of tne uterine norns indicates tnat the cycle is definitely not in Stage II but is insufficient evidence to 


determine warch of the otaer stages is involved. 


the vaginal smear cytology did not indicate Stage 
II of the estrous cycle. Representative data are 
summarized in Table I. Similar results were also 
obtained using diethylstilbesterol (tested only at 
100 wg. perrat). It was also noted that (a) the stage 
of estrus at the time of estradiol injection did not 
significantly affect the sensitization of the uteri to 
serotonin, (5) rats weighing 100 to 350 Gm. gave 
similar results, and (c) spontaneous contractions and 
also an unsatisfactory sensitivity were associated 
with uteri of less than 3 mm. in diameter. 


* Received December 23, 1957, from the Atomic Energy 
Project, University of California, Los Angeles 24 

This article based on work performed under Contract No. 
AT(04-1)-GEN-12 between the Atomic Energy Commission 


and the University of California at Los Angel 
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To summarize, it has been found that 200-600 
ug. of estradiol per rat will sensitize the uterus to 
serotonin for three or four days. Although the 
uterus is maintained in Stage II of the estrous cycle 
this stage is not indicated by the vaginal smear cy- 
tology. For highest sensitivity in the serotonin 
assays, uterine horns, iw situ, should be 5 mm. in 
diameter, regardless of the vaginal smear cytology. 
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Book Notices 


Pharmacology for Medical Students in Tropical 
Areas. By Rocer A. Lewis. The Popular 
Book Depot, Bombay, India, 1957. xx + 524 
pp. 13.5x21.5cm. Price Rs. 15. 

This book presents the study of pharmacology 
with the special considerations required of the medi- 
cal practitioner in tropical, underdeveloped areas; 
noting the different diseases and the varying forms 
of other diseases, such as diabetes, that occur in 
those areas. The type of remedy may have to dif- 
fer from what which is available in industrial centers. 
The doctor may have to dispense drugs rather than 
be able to refer the patient to a ‘‘corner drugstore.” 
And the slighter or smaller stature of his patients 
will require dosage adjustments. 

Following a brief, 56-page review of general phar- 
macology, the text deals with: Chemotherapy of 
infectious disease, drugs acting on and affecting 
various systems of the body; and includes appen- 
dixes giving simple exercises in practical pharmacy, 
and in experimental pharmacology. The exercises 
in practical pharmacy are correctly listed as such in 
the table of contents, but are incorrectly described 
as pharmacology by the headings in the appendix. 

The four-page section devoted to prescription 
writing lists the following examples of useful pre- 
scriptions: Neosynephrine hydrochloride 0.25%; 
Yellow oxide of mercury in simple eye ointment 1%; 
APC capsules; benzoic and salicylic acid ointment; 
Aureomycin hydrochloride 250 mg. capsules; an 
ammonium chloride, wild cherry syrup, and gly- 
cyrrhiza fluidextract cough syrup; and codeine 
phosphate syrup with wild cherry syrup for a pro- 
ductive cough. Asa specialized text for a particular 
area, this book will undoubtedly be very useful. 


Psychopathic Personalities. By PALMER. 
Philosophical Library, N. Y., 1957. 179 pp. 
14x 21cm. Price $4.75. 

This book presents clinical essays on the study of 
mental ill health and purposes to achieve a mode of 
presentation of psychiatry acceptable to workers in 
other disciplines including those concerned with the 
management of human beings. The text takes up: 
Psychopathic personalities, Schizophrenia, De- 
pressive states, Obsessions, Hysteria, The epilepsies, 
Tension syndromes, Paranoid states, and Mania. 
An index is appended. 


From Sterility to Fertility: A Guide to the Causes and 
Cure of Childlessness. By E. 
Philosophical Library, New York, 1957. 120 pp. 
12.5x18.5cm. Price $4.75. 

The author, a gynecologist and obstetrician, ob- 
serves that this book, in the hands of the laity, 
should not and cannot replace the doctor in dealing 
with infertility. The book gives no certain answer 
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to the question of infertility, but, intelligently used, 
is should be able to save lengthy explanations by the 
physician as to what he is setting out to do; and it 
should save the patients’ having to ask questions 
that occur to them perhaps fifteen minutes after 
leaving the physician. The text is simply and 
clearly written, with several diagrammatic drawings 
as aids, and with discussions of different types of 
cases. 


Quantitative Pharmaceutical Chemistry. 5th ed. 
By GLENN L. Jenkins, Joun E. Cureistian, and 
Georce P. Hacer. The Blakiston Division, 
McGraw-Hill Book Co., Inc., N. Y.. 1957. xviii 
+ 552 pp. 13.5x20.5cm. Price $8.50. 

This excellent combination textbook and labora- 
tory manual has been revised to bring the procedures 
and discussions into conformity with the methods in 
the latest U.S. P. (XV) and N. F. (X). This fifth 
edition follows the design and style that have char- 
acterized the earlier editions of this widely accepted 
textbook, the fourth edition of which was reviewed 
in Tuts JourRNAL, 42, 757(1953). The clarity that 
has featured the explanations of theoretical concepts 
and practical applications is in evidence in the new 
chapters on chromatography and radioactivity under 
physicochemical methods of analysis. The book is 
specifically designed for the instruction of pharmacy 
students and it covers the official quantitative and 
physical analytical methods; classifies the official 
procedures according to type methods of analysis; 
and presents some generally applicable, nonofficial 
methods of analysis. 

This book is a very good reference for the pharma- 
ceutical testing laboratory as well as being extremely 
well suited as a textbook. The format, type, print- 
ing, and binding are particularly good, and the ap- 
pended index helps the reviewer locate specific pro- 
cedures. 


Cahiers de Synthese Organique, Méthods et Tableaux 
d’Application. Vol. | By Jean Marutrev and 
Anpré ALLats with the collaboration of J. VALLS 
and P. Porrrer. Published under the direction 
of Léon Velluz. Maison et Cie,. Paris, 1957. si+ 
232 pp. 15x22cm. Price 3,000 fr. 

This volume (in French) covers the fixation of a 
functional carbon on an aliphatic chain and on an 
aromatic nucleus. Variations of these two main 
classifications are discussed and illustrated, and 
tabulations of many compounds show starting ma- 
terials, products obtained, agents of condensation 
and solvents, and yield. The text is liberally docu- 
mented. A table of the functional groups and ar- 
rangements created is appended. The table of con- 
tents is given at the end of the book. Libraries used 
by synthetic organic chemists will want this book. 
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Penn-Drake® 


CNN purer, PENNSYLVANIA 
ra 


Evaluation of light and odor stability of White Oils 
at Penn-Drake now is based on Spectrophotometric 
Analysis. The ultraviolet absorption spectrum allows 
us to determine scientifically the degree of stability 
of any White Oil. 

Spectrophotometric Analysis detects minute impurities 
which heretofore defied ordinary testing. With this 
tool we can control the refining process to eliminate 
objectionable substances, even as low as 2 or 3 parts 
per million. 

For manufacturers of drug and cosmetic products 
this means elimination of guesswork regarding light 
and odor stability—and it makes possible the highest 
order of stability yet offered in White Oils. Write for 
20-page Article on Spectrophotometric Control. 


WHITE OILS 


PENNSYLVANIA REFINING COMPANY 


Branches: Cleveland, Ohio and Edgewater, N. J. 
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SIGNIFICANT COMPONENT IN NEW GERIATRIC 
AND LIPOTROPIC FORMULATIONS 


An important lipotropic agent, Inositol N.F. 
is helpful in regulating the metabolising of 
fat and cholesterol in the body. Far reach- 
ing studies of this natural-occurring Vita- 
min-B complex ingredient have revealed an 
important discovery — whether used alone 
or with certain vitamins, Inositol N.F. is 


synergistic with other lipotropic agents. 


Thus, it becomes a significant factor in many 
pharmaceutical preparations. It is also a 
constituent of aa important class of phos- 
pholipids. 

Your investigation of this prime ingredi- 
ent for your therapeutic formulations is 
invited. Our technical staff will be happy 
to work with you on formula development. 


“Fine Chemicals from Corn” 


CORN PRODUCTS SALES COMPANY 


17 BATTERY PLACE-NEW YORK 4, N.Y. 
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